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LQJHYDOXDWLRQVWLIIQHVVFRPELQJÀDNLQJYROXPHVKLQHWDFWLOHSURSHUWLHVVSUD\SDWWHUQVDQG
RSWLPL]DWLRQWKHUPDOSURWHFWLRQDQGFKDUDFWHUL]DWLRQRIWKHUPDODQGPHFKDQLFDOGDPDJHFXUO
UHWHQWLRQKXPLGLW\WROHUDQFHIRDPLELOLW\DQGFRORUUHWHQWLRQ'RWKHKDLUWHVWLQJFRPSDQLHVXVH
UHDOKDLUIRUWKHWHVWV"<HV
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$7HVWLQJKDLUVWUHQJWK
   
%$XWRPDWLFKDLU
FRPEHUPHDVXULQJ
WKHIRUFHLWWDNHVWR
FRPEWKURXJKKDLU
&&XUOHGKDLULQD
KXPLGLW\FKDPEHU
WRHYDOXDWHKRZLW
XQFXUOV
'6HQVRU\DVVHVV
PHQWHYDOXDWLRQ$
SDQHOLVWLVMXGJLQJ
WKHIHHORIWKHKDLU
 

6XQVFUHHQ
:K\GRVXQVFUHHQDHURVROVSUD\VIHHOVRPXFKEHWWHURQ\RXUVNLQWKDQWKHWKLFNZKLWHVXQVFUHHQ
ORWLRQV"7KHVSUD\VDUHHWKDQROEDVHGDQGIHHOFRROZKHQVSUD\HGRQ\RXUVNLQRQDKRWGD\:KDW
GRHV63)PHDQ",WLQGLFDWHVWKHOHYHORISURWHFWLRQIURPVXQEXUQIURPKDUPIXO89%UDGLDWLRQ
7KHDFWLYHLQJUHGLHQWVLQVXQVFUHHQVDUH89¿OWHUV7KH)'$KDVDVXQVFUHHQPRQRJUDSKOLVWLQJ
DSSURYHGLQJUHGLHQWVRIZKLFKRQO\VL[RUVHYHQDUHW\SLFDOO\XVHG7KHPRQRJUDSKDOVRRXW
OLQHVLQJUHGLHQWXVDJHOHYHOVFODLPVXEVWDQWLDWLRQGRVDJHIRUPVDQGODEHOLQJUHTXLUHPHQWV7KLV
PRQRJUDSKLVFXUUHQWO\EHLQJUHYLVHGDQGLVXQGHUJRLQJDSSURYDO7KHQHZPRQRJUDSKFRYHUV
EURDGVSHFWUXP63)89$SURWHFWLRQFODLPVUDWLRRIHDFKWHVWLQJPHWKRGIRU63)DQG89$LQ
YLWURRULQYLYRSKRWRVWDELOLW\ZDWHUUHVLVWDQFHFODLPVDQWLDJLQJDQGFDQFHUSUHYHQWLRQDQG
63)PD[LPXP
6NLQFDUHSURGXFWV
7KLVVHJPHQW LQFOXGHV IDFLDO VNLQFDUHSURGXFWV IRUPRLVWXUL]DWLRQDQWLDJLQJXVXDOO\ZLWK
63)DQWLDFQH27&DQGVNLQOLJKWHQLQJDQGERG\FDUHSURGXFWVIRUJHQHUDOPRLVWXUL]DWLRQ
DQGQLFKHSURGXFWVIRUHQKDQFHUVVXFKDVDQWLFHOOXOLWH
$6SHFWURVFRS\WRORRN
DWSHQHWUDWLRQ
%0HDVXULQJPRLVWXU
L]DWLRQ
&&OLQLFDOVWXGLHV
³&RVPHFHXWLFDOV´
&RQVXPHUVVSHQGELOOLRQVRQSURGXFWVZKLFKFODLPWRPDNHWKHPORRN\RXQJHU2QHRIWKHODUJ
HVWVHJPHQWV LV ³DQWLDJLQJ´RU WKH WUHDWPHQWRISKRWRDJLQJZLWK LQJUHGLHQWVVXFKDV UHWLQRLF
DFLG)'$DSSURYHGSUHVFULSWLRQGUXJDQGFRVPHWLFLQJUHGLHQWVVXFKDVUHWLQRODQGGHULYDWLYHV
K\DOXURQLFDFLGOLSLGVDQWLR[LGDQWVYLWDPLQ&H[WUDFWVHWF$WWLPHVWKHUHFDQEHDQXQFOHDU
GLYLVLRQEHWZHHQZKDWLVFODLPHGDVFRVPHWLFRUSKDUPDFHXWLFDO$UHWKHFODLPVEHLQJPDGHRQ
³FRVPHWLF´RU27&SURGXFWV"7KHUHQHHGVWREHYHU\FDUHIXOFRQVLGHUDWLRQWRFODLPVPDGH
)LJXUH0DFKLQHVXVHGWRHYDOXDWHDQGVXEVWDQWLDWHFODLPVRIKDLUVW\OLQJSHUIRUPDQFH
)LJXUH7HVWLQJPHWKRGVIRUVNLQFDUH
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'U $LNHQV DOVR GLVFXVVHG WKH FKHPLVWU\ EHKLQG FRORU FRVPHWLFV DQG SHUVRQDO FDUH SURGXFWV
WRRWKSDVWHPRXWKZDVKDQWLSHUVSLUDQWVGHRGRUDQWVVKDYLQJSURGXFWVVRDSEDWKDQGVKRZHU
FOHDQVLQJSURGXFWVIUDJUDQFHDQGGHSLODWRULHV
+RZDQG:K\7KLQJV)DLO
6XEPLWWHGE\9LYLHQQH+RXJKWRQ
3URJUDP7LWOH+RZDQG:K\7KLQJV)DLO)RUHQVLF(QJLQHHUVDQG,QIRUPDWLRQ6SHFLDOLVWV
6SRQVRUHGE\,QVSHF,QF3UR4XHVW	'LDORJ6SULQJHU
6SHDNHU0LFKDHO(6WHYHQVRQ3K'3(3UHVLGHQW3ULQFLSDO	&KLHI([HFXWLYH2I¿FHUDW(Q
JLQHHULQJ6\VWHPV,QF(6,
&RQWDFWPHVWHYHQVRQ#HVLDWOFRP
KWWSZZZHVLZHEVLWHFRP
%LR%6DQG060HWDOOXUJLFDODQG0DWHULDOV(QJLQHHULQJ8QLYHUVLW\RI$ODEDPD3K'0HW
DOOXUJLFDO(QJLQHHULQJ8QLYHUVLW\RI$ODEDPD5HJLVWHUHG3(LQ$ODEDPDDQG*HRUJLD,QGXVWUL
DO$GYLVRU\%RDUG8QLYHUVLW\RI$ODEDPD'HSDUWPHQWRI$HURVSDFH(QJLQHHULQJDQG0HFKDQLFV
0HPEHURI$60$60($617$670$:6,061$&(DQG7061XPHURXVWHFKQLFDOSUHVHQWD
WLRQVDQGSXEOLFDWLRQV6SHFLDOL]HVLQIDLOXUHDQDO\VLVPDWHULDODQGPHFKDQLFDOWHVWLQJPHFKDQ
LFVFRUURVLRQPHWDOOXUJ\WHVWLQJDQGLQVSHFWLRQV
%ULHI6XPPDU\
'U0LFKDHO6WHYHQVRQVSRNHDERXWWKHFULWLFDOUROHRIWKHLQIRUPDWLRQJURXSDW(6,WKHHQJL
QHHULQJLQYHVWLJDWLRQ¿UPIRUZKLFKKHLVWKH3UHVLGHQW3ULQFLSDODQG&(27KHPRGHUDWRUIRU
WKLVSUHVHQWDWLRQZDV&KHU\O+DQVHQ&KDLURI6/$¶V6FLHQFH	7HFKQRORJ\'LYLVLRQDQGHQJL
QHHULQJUHVHDUFKOLEUDULDQDW(6,&KHU\OLVDVROROLEUDULDQZKRWDNHVFDUHRIWKHUHVHDUFKDQG
UHIHUHQFHQHHGVRI(6,¶VHQJLQHHUVORFDWHGDURXQGWKHFRXQWU\
(6,GHDOVZLWKIDLOXUHDQDO\VLVDQGIRUHQVLFLQYHVWLJDWLRQ+RZHYHUZKHUHDVWKHWHOHYLVLRQVKRZ
&6,FDQVROYHFDVHVLQPLQXWHV'U6WHYHQVRQSRLQWVRXWWKDWUHDOOLIHLQYHVWLJDWLRQVHVSH
FLDOO\IHGHUDOLQYHVWLJDWLRQVXVXDOO\WDNHVHYHUDO\HDUV
2IWHQWKHPHWDOOLFHYLGHQFHLVDOOWKDWLVOHIWDIWHUDGLVDVWHU,WWDNHVDQLQFUHGLEOHDPRXQWRI
EDFNJURXQGGDWDIRUWKHLQIRUPDWLRQJURXSWRXQUDYHOWKHPD\KHPDQGUHFRQVWUXFWSDVWHYHQWV
7KH\QHHGWRVHSDUDWHIDFWIURP¿FWLRQVRWKDWWKHSK\VLFDOHYLGHQFHFDQWHOOLWVVWRU\7KH
IDVWHUDQGPRUHFRKHUHQWO\LQIRUPDWLRQFDQEHSURFHVVHGLQWRNQRZOHGJHWKHPRUHSUHFLVHWKH
LQYHVWLJDWLRQFDQEH([SHUWVGLVDJUHHZKHQWKHUHLVSRRULQIRUPDWLRQVXFKDVPDQ\VXEMHFWLYH
RSLQLRQVOLWWOHREMHFWLYHLQIRUPDWLRQDQGOLPLWHGOLWHUDWXUH7KHH[SHUWVZLWKWKHPRVWDFFHVVWR
WKHEHVWLQIRUPDWLRQWKDWLVEDVHGRQVFLHQWL¿FPHWKRGVFDQKDYHWKHEHVWFDVH
(6,¶VLQYHVWLJDWLRQVDUHEDVHGRQWKHVFLHQWL¿FPHWKRGZKHUHWKH\LGHQWLI\WKHSUREOHPGH¿QH
WKHSUREOHPFROOHFWGDWDDQDO\]HGDWDGHYHORSWKHK\SRWKHVLVWHVWWKHK\SRWKHVLVDQGVHOHFW
WKH¿QDOK\SRWKHVLV7KHTXHVWLRQVWKDWWKHHQJLQHHUVDVNDUH:KDWKDSSHQHG¿UVWRUZKDW
³EURNH´¿UVW"'LGLWIDLODOODWRQFHRURYHUWLPH",ILWIDLOHGDOODWRQFHWKHQZKLFKZDVJUHDWHU
WKHORDGRUWKHFDSDFLW\",ILWEURNHRYHUWLPHWKHQZKDWZHUHWKHPHFKDQLVPVDQGHQYLURQ
PHQW"
6RXUFHVRIGDWDLQLQYHVWLJDWLRQVLQFOXGH
 7KHSK\VLFDOHYLGHQFHDND³WKHWKLQJ´
 :LWQHVVHV
 ,QGXVWU\OLWHUDWXUH
 6WDQGDUGV
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 6FLHQWL¿FOLWHUDWXUH
 6SHFL¿FDWLRQVDQGGUDZLQJV
 3DWHQWV
'U6WHYHQVRQHPSKDVL]HGWKDWDOWKRXJKWKH³IDFHYDOXH´RIWKHHYLGHQFHFDQEHGHFHSWLYHRU
GLI¿FXOWWRXQGHUVWDQGWKHSK\VLFDOHYLGHQFHQHYHUOLHV$QGWKDW³WKHNH\WRWKHPRVWVXFFHVV
IXOLQYHVWLJDWLRQLVQ¶WWKHODELW¶VWKHOLEUDU\´ 7KDWLV³LQIRUPDWLRQVSHFLDOLVWVGULYHWKHIDLOXUH
DQDO\VLVEXVLQHVV´ 
'U6WHYHQVRQLVWKH(GLWRURIWKH-RXUQDORI)DLOXUH$QDO\VLVDQG3UHYHQWLRQ+HQRWHGKRZWKH
MRXUQDOLVQRZUHSXEOLVKLQJROGDUWLFOHVVLQFHIDLOXUHDQDO\VLVLVVXHVDUHQRZDULVLQJLQ&KLQD
ZKHUHVRPXFKPDQXIDFWXULQJKDVEHHQGRQH
'U6WHYHQVRQZHQWRYHUVHYHUDOFDVHVWXGLHVGXULQJKLVSUHVHQWDWLRQLQFOXGLQJDQDOOHJHGHOHF
WULFDO¿UHLQDPRELOHKRPHDQGDPRWRUF\FOHDFFLGHQWLQYROYLQJIUD\DQGFRUURVLRQ'HWDLOHGGH
VFULSWLRQVDQGSKRWRVRIQLQHFDVHVWXGLHVDUHDYDLODEOHRQ(6,¶VZHEVLWHKWWSZZZHVLZHE
VLWHFRPSURMHFWVLQGH[SKSLQFOXGLQJ8QLWHG$LUOLQHV)OLJKW1HZ2UOHDQV6XSHU'RPHD
WUDLQGHUDLOPHQWLQD%DOWLPRUHWXQQHODQGD3RUVFKH&DUUHUD*7DFFLGHQW
&RPSXWHU6FLHQFH5RXQGWDEOH
6XEPLWWHGE\9LYLHQQH+RXJKWRQ
3URJUDP7LWOH&RPSXWHU6FLHQFH5RXQGWDEOH
3UHVHQWHGE\3K\VLFV$VWURQRP\0DWKHPDWLFV'LYLVLRQ6FLHQFH7HFKQRORJ\'LYLVLRQ
6SRQVRUHGE\0RUJDQ	&OD\SRRO3XEOLVKHUV
6SHDNHU0LFKDHO+DELE06/63URGXFW0DQDJHU6FRSXV
6OLGHV$SSOLFDWLRQ3ODWIRUPVDQG'HYHORSHU&RPPXQLWLHV±1HZVRIWZDUHWRROVDQGDSSVWR
VXSSRUWWKHUHVHDUFKZRUNÀRZ
/LQNWRVOLGHVKWWSZZZVOLGHVKDUHQHWKDELEPL
&RQWDFWKDELE#HOVHYLHUFRP
7ZLWWHU#KDELE
%LR0LFKDHO+DELELVD3URGXFW0DQDJHUDW(OVHYLHU+HKROGVD06LQ/LEUDU\6FLHQFHIURPWKH
6FKRRORI,QIRUPDWLRQDQG/LEUDU\6FLHQFHDW81&&KDSHO+LOO+DELELVDPHPEHURIWKH6FR
SXVWHDPZKHUHKHIRFXVHVRQVWUHDPOLQLQJWKHVFKRODUO\OLWHUDWXUHUHVHDUFKZRUNÀRZWKURXJK
HQKDQFHGVHDUFKEURZVHH[SHULHQFHVWLJKWFURVVSURGXFWLQWHJUDWLRQVDFFXUDWHDXWKRUSUR¿O
LQJDQGLPSURYHGPRELOHDFFHVV+HSUHYLRXVO\KHOGUROHVLQVXFKYDULHGLQVWLWXWLRQVDVDSXEOLF
OLEUDU\DFDGHPLFOLEUDULHVDQGDSULQWRQGHPDQGSXEOLVKHU
%ULHI6XPPDU\
0LFKDHO+DELESUHVHQWHGRQ(OVHYLHU¶VGHYHORSHUSRUWDO6FL9HUVH$SSOLFDWLRQVZKLFKLVDPDU
NHWSODFHWKDWDOORZVUHVHDUFKHUVWREXLOG¿QGDQGXVHDSSOLFDWLRQVWRLPSURYHVHDUFKDQGGLV
FRYHU\ZLWKLQWKH6FL9HUVH3URGXFW6XLWH6FLHQFH'LUHFW6FRSXVDQG+XE$SSOLFDWLRQVDUHDOVR
NQRZQDVDSSVJDGJHWVRUH[WHQVLRQV(OVHYLHUSURYLGHVDYDULHW\RIWRROVWRDVVLVWLQEXLOGLQJ
DSSVLQFOXGLQJ)UDPHZRUN$3,VIRULQWHJUDWLQJ
ZLWKWKH6FL9HUVH$SSOLFDWLRQ3ODWIRUPDQGFRQ
WHQW$3,VIRUVHDUFK	UHWULHYDORI6FL9HUVHGDWD
7KHUHLVDKXJHPDVVRIGDWDDYDLODEOHWRUH
VHDUFKHUVRXWVLGHIRUPDOOLWHUDWXUH0XFKRIWKLV
GDWDLVRIKLJKLPSRUWDQFHEXWLVQRWHDVLO\DF
FHVVLEOH6PDUWDSSVKHOSPDNHWKLVGDWDPRUH
DFFHVVLEOH$SSVDOVRIDFLOLWDWHLQWHURSHUDELOLW\DQG
EULQJUHOHYDQWGDWDLQWRFRQWH[W
6FL9HUVH$SSOLFDWLRQV¶RSHQSODWIRUPDOORZVWKH
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UHVHDUFKFRPPXQLW\WREXLOGWKHWRROVWKH\QHHG$3,VDQGDQRSHQSODWIRUPEULQJ6FL9HUVHWR
ZKHUHXVHUVDUHDQGOHWRWKHUSURGXFWVDGGYDOXHWR6FL9HUVH+XQGUHGVRIGHYHORSHUVKDYH
SDUWLFLSDWHGLQQXPHURXVFKDOOHQJHVLQFOXGLQJWKH(OVHYLHU+DFNDWKRQDQG$SSVIRU6FLHQFH$V
RI$XJXVWWKHUHZHUHDSSOLFDWLRQVLQWKHDSSJDOOHU\
6SHDNHU(OOHQ5RWHQEHUJ6HQLRU0DQDJHU3URGXFW,QQRYDWLRQ,3	6FLHQFH7KRPVRQ5HXWHUV
6OLGHV1HZ7RROVIRUWKH5HVHDUFK:RUNÀRZ
&RQWDFW(OOHQURWHQEHUJ#WKRPVRQUHXWHUVFRP
%LR(OOHQ5RWHQEHUJLV6HQLRU0DQDJHU3URGXFW,QQRYDWLRQIRUWKH6FLHQWL¿FDQG6FKRODUO\
5HVHDUFKEXVLQHVVRI7KRPVRQ5HXWHUV6KHLVUHVSRQVLEOHIRUWKHGHYHORSPHQWRIQHZSURGXFWV
DQGVROXWLRQVWRLPSURYHSURGXFWLYLW\IRUWKHJOREDODFDGHPLFDQGJRYHUQPHQWUHVHDUFKPDUNHW
(OOHQKDVSOD\HGDNH\UROHLQLQLWLDWLYHVUHODWHGWRVFKRODUO\DXWKRULGHQWLW\5HVHDUFKHU,'DQG
DWWULEXWLRQDVZHOODVZHEVHUYLFHDQG$3,DFFHVVWR:HERI.QRZOHGJHFRQWHQW6KHKDVD0DV
WHUVLQ%LRLQIRUPDWLFVIURPWKH8QLYHUVLW\RIWKH6FLHQFHVLQ3KLODGHOSKLD
%ULHI6XPPDU\
(OOHQ5RWHQEHUJSUHVHQWHGRQQHZRIIHULQJVIRUWKH7KRPVRQ5HXWHUV:HERI.QRZOHJHVPDQG
(QG1RWHWRLPSURYHWKHUHVHDUFKHU¶VLQIRUPDWLRQZRUNÀRZ7KHVHQHZWRROVDGGUHVVJDSVLQ
KRZUHVHDUFKHUVDFFHVVFRQWHQW
)RU:HERI.QRZOHGJH5RWHQEHUJSUHVHQWHGRQ'DWD&LWDWLRQ,QGH[VPDQH[FLWLQJQHZDQG
FRPSUHKHQVLYHLQGH[RIGLJLWDOFRQWHQWWKDWZLOOEHUHOHDVHGLQ)DOOWKDWZLOOPDNHWKHGDWD
FLWDEOHVHDUFKDEOHDQGUHXVDEOH
7KHUHDUHIRXUGRFXPHQWW\SHVLQ'DWD&LWDWLRQ
,QGH[
 5HSRVLWRU\WKHUHVRXUFHFRPSULVHGRIGDWD
VWXGLHVGDWDVHWVDQGRUPLFURFLWDWLRQV
 'DWD6WXG\GHVFULSWLRQVRIVWXGLHVRU
H[SHULPHQWVZLWKDVVRFLDWHGGDWDXVHGLQWKHGDWD
VWXG\LQFOXGHVVHULDORUORQJLWXGLQDOVWXGLHVRYHU
WLPH
 'DWD6HW$VLQJOHRUFRKHUHQWVHWRIGDWDRU
DGDWD¿OHSURYLGHGE\WKHUHSRVLWRU\DVSDUWRID
FROOHFWLRQGDWDVWXG\RUH[SHULPHQW
 0LFURFLWDWLRQDNDQDQRSXEOLFDWLRQWKH
VPDOOHVWXQLWRISXEOLVKDEOHLQIRUPDWLRQDQ
DVVHUWLRQDERXWFRQFHSWVWKDWFDQEHXQLTXHO\
LGHQWL¿HGDQGDWWULEXWHGWRWKHDXWKRUHJ
³0RVTXLWRHVWUDQVPLWPDODULD´
)RU(QG1RWH5RWHQEHUJSUHVHQWHGRQWKH(QG1RWHL3DGDSSZKLFKZLOOEHDYDLODEOHODWHULQ
EULQJLQJWKHSRZHURI(QG1RWHWRWKHL3DGDVDQDWLYHDSSOLFDWLRQ8VLQJVWDFNWHFKQRO
RJ\WKH(QG1RWHDSSZLOOKDYHDQLQWHUDFWLYHPXOWLSDQHOGHVLJQ
6SHDNHU:LOOLDP*XQQ3K'+HDGRI$FDGHPLF2XWUHDFK0HQGHOH\,QF
6OLGHV6XSSRUWLQJWKH5HVHDUFKHU:RUNÀRZWKURXJK8VHU&HQWHUHG'HVLJQ
/LQNWRVOLGHVKWWSVZZZGURSER[FRPVHUNTDYYVXQGW6/$BBFRPSXWHUBVFLHQFHB
URXQGWDEOHSGI
&RQWDFWKWWSZZZPHQGHOH\FRPSUR¿OHVZLOOLDPJXQQ
%LR'U:LOOLDP*XQQLVWKH+HDGRI$FDGHPLF2XWUHDFKIRU0HQGHOH\WKHOHDGLQJUHVHDUFK
PDQDJHPHQWWRROIRUFROODERUDWLRQDQGGLVFRYHU\'U*XQQDWWHQGHG7XODQH8QLYHUVLW\DVD
/RXLVLDQD%RDUGRI5HJHQWV)HOORZUHFHLYLQJKLV3K'LQ%LRPHGLFDO6FLHQFHIURPWKH&HQWHU
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 6FL7HFK1HZV
IRU*HQH7KHUDS\DW7XODQH8QLYHUVLW\LQ+LVUHVHDUFKLQYROYHGGLVVHFWLQJWKHPROHFXODU
PHFKDQLVPRIERQHPHWDVWDVLVLQPXOWLSOHP\HORPDDQGUHVXOWHGLQDQRYHOWUHDWPHQWDSSURDFK
HPSOR\LQJPHVHQFK\PDOVWHPFHOOVWKHERG\¶VRZQUHSDUDWLYHIRUFHV)UXVWUDWHGZLWKWKHLQHI¿
FLHQFLHVRIWKHPRGHUQUHVHDUFKSURFHVVKHOHIWDFDGHPLDDQGHVWDEOLVKHGWKHELRORJ\SURJUDP
DW*HQDO\WHDQRYHOGLDJQRVWLFVVWDUWXS)URPWKHUH'U*XQQPRYHGWR0HQGHOH\WRSXUVXHKLV
PLVVLRQRIEULQJLQJPRGHUQQHWZRUNHI¿FLHQFLHVWRDFDGHPLFUHVHDUFK
%ULHI6XPPDU\
:LOOLDP*XQQVSRNHDERXW³,QVWUXPHQWLQJWKH5HVHDUFK:RUNÀRZ´ZLWK0HQGHOH\DQGJDYH
DIHZH[DPSOHVRIKRZ0HQGHOH\DLGVWKHUHVHDUFKHUDWHDFKVWHSRIWKHLUUHVHDUFKSURFHVV
6HDUFKLQJ5HDGLQJ$QQRWDWLRQ2UJDQL]DWLRQDQG:ULWLQJ*XQQDOVRGLVFXVVHGKRZ0HQGHOH\
IRFXVHVRQ³FRQQHFWLQJVFKRODUVLQWKHFORXG´ 
7KHLVVXHLV³UHVHDUFKLVDVRFLDODFWLYLW\EXWWKHWRROVDQGWKHGDWDDUHQ¶W´ *XQQVKRZHGKRZ
0HQGHOH\¶VGHVNWRSWRRODLGVUHDGLQJRUJDQL]LQJUHVHDUFKDQGFROODERUDWLQJZLWKFROOHDJXHV
0HQGHOH\PDNHVUHVHDUFKPRUHFROODERUDWLYHDQGWUDQVSDUHQWE\DJJUHJDWLQJGDWDUHVHDUFKLQ
WKHFORXGH[WUDFWLQJUHVHDUFKGDWDDQGFROOHFW
LQJULFKVLJQDOVIURPGRPDLQH[SHUWV+HWKHQ
VKDUHGKRZ0HQGHOH\OHYHUDJHVWKHVRFLDOVLJ
QDOVSURYLGHGE\WKHPLOOLRQUHVHDUFKHUVXVLQJ
WKHLUVHUYLFHWRDLGGLVFRYHU\RIQHZUHVHDUFK
*XQQDOVRVKRZHGWKHDWWHQGHHVKRZWKHLU
QHZSURGXFWWKH0HQGHOH\,QVWLWXWLRQDO(GL
WLRQZRUNVWRFROOHFWLQVWLWXWLRQDOOHYHODFWLYLW\
PHWULFV,QVKRUW0HQGHOH\,QVWLWXWLRQDO(GLWLRQ
LVOLNH*RRJOH$QDO\WLFVIRUUHVHDUFKRQ\RXU
LQVWLWXWLRQ*XQQGHVFULEHGDQRWKHUSURGXFW
0HQGHOH\:HEDVDFURZGVRXUFHGFDWDORJRI
UHVHDUFKDVRFLDOQHWZRUNRIUHVHDUFKHUVDQGD
ZHEVHUYLFHIRUUHVHDUFKGDWDDQGVWDWLVWLFV,W
JRHVEH\RQGFRXQWLQJFLWDWLRQDQGVWDWLVWLFVWRD
UHDOWLPHYLHZRIFRQWHQWXVDJH
*XQQDVNHGOLEUDULHVWRDGG0HQGHOH\WRWKHLUOLEUDU\ZHEVLWHVDQGLQWHJUDWH0HQGHOH\¶VVHW
ZRUNVKRSVLQWRWKHOLEUDU\¶VFXUULFXOXP/DVWO\KHJDYHDSOXJIRUWKH0HQGHOH\IRU/LEUDULDQV
*URXSKWWSZZZPHQGHOH\FRPJURXSVPHQGHOH\IRUOLEUDULDQVSXEOLFQR¿OHVLQ
KHUHDVDJUHDWSODFHIRUOLEUDULDQVWRJHWKHOSIURPIHOORZOLEUDULDQVRQOHDUQLQJDERXWDQG
XVLQJ0HQGHOH\
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6FL7HFK1HZV
'507KH'LVFXVVLRQ&RQWLQXHV
6XEPLWWHGE\3DWULFLD$VSLQZDOO
0RGHUDWRUV%HUW6DXO6LPSVRQ*XPSHUW]DQG+HJHU,QF6DELQD7DQQHQEDXP/7.(QJL
QHHULQJ6HUYLFHV
3DQHOLVWV6FRWW$KOEHUJ5HSULQW'HVN'LDQD%LWWHUQ.QRYHO6WHYH1RWK,+6
7KHPRGHUDWRUVRSHQHGWKHVHVVLRQE\VXPPDUL]LQJZKDWZDVGLVFXVVHGDW6/$DQGWKH
FRQWLQXHGFRQYHUVDWLRQVVLQFHWKHQ
,VVXHVUDLVHGZHUH
 'HVLUHWRWUHDWDQHOHFWURQLFDFTXLVLWLRQLQDWUDGLWLRQDOZD\SXUFKDVLQJLWRQFHDQG
VKDUHLWVHULDOO\
 '50GHDOLQJZLWKWKHGLIIHUHQWXVHUDFFHVVPRGHOVGLIIHUHQWOLEUDULHVKDYH
 'HDOLQJZLWKWKHORQJHYLW\RIHOHFWURQLFGRFXPHQWVZKRRZQVWKHGRFXPHQWDIWHUWKH
VXEVFULEHUUHODWLRQVKLSHQGV
 'HDOLQJZLWKRZQHUVKLSODEHOV
 'HDOLQJZLWKXVDJHVWDWLVWLFV
$IWHUWKDWWKHÀRRUZDVRSHQHGWRWKHSDQHOLVWZKREULHÀ\GHVFULEHGZKDWHDFKRIWKHLURUJD
QL]DWLRQVGR$OOSDQHOLVWVFRPPHQWHGWKDW'50KDVVRPHSUREOHPVEXWZKHQXVHGZHOOLW
FDQEHVXSSRUWLYH'50LVXVXDOO\SXWLQSODFHE\WKHSXEOLVKHUDQGLWLVWU\LQJWRHQIRUFHOHJDO
FRS\ULJKW
7KHQWKHÀRRUZDVRSHQHGIRUTXHVWLRQV7KHUHZHUHPDQ\FRPSODLQWVDERXW'50EXWDVLW
ZDVGLVFXVVHGWKHVHZHUHPRUHEXVLQHVVPRGHOUHODWHGSUREOHPVRUWHFKQRORJ\SUREOHPV
7KHGLVFXVVLRQHQGHGWKDWGLIIHUHQWXVHUVKDYHGLIIHUHQWQHHGVZKLFKZLOOOHDGWRGLIIHULQJYLHZV
RI'50
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6FLHQFH7HFKQRORJ\ 'LYLVLRQ   &KHU\O +DQVHQ &KDLU
7KHREMHFWLYHVRIWKH6FLHQFH7HFKQRORJ\'LYLVLRQVKDOOEHWRGUDZWRJHWKHUWKRVHPHPEHUVRIWKH6SHFLDO/LEUDULHV$VVRFLDWLRQ
KDYLQJDQLQWHUHVWLQWKHUROHRIOLEUDU\DQGLQIRUPDWLRQVFLHQFHDVDSSOLHGWRWKHUHFRUGLQJUHWULHYDODQGGLVVHPLQDWLRQRINQRZOHGJH
DQGLQIRUPDWLRQLQDOODUHDVRIVFLHQFHDQGWHFKQRORJ\DQGWRSURPRWHDQGLPSURYHWKHFRPPXQLFDWLRQGLVVHPLQDWLRQDQGXVHRI
VXFKNQRZOHGJHIRUWKHEHQH¿WRIOLEUDULHVDQGWKHLUXVHUV¶
1HZVIURPWKH6FLHQFH7HFKQRORJ\'LYLVLRQ
-XVWWKLQNZHDUHDOUHDG\KDOIZD\WKURXJK
7LPHKDVÀRZQE\VLQFHWKHODVW LVVXHRI671
FDPHRXW 7KH&KLFDJR&RQIHUHQFHKDV
FRPHDQGJRQHDQGZDVDVXFFHVV,KRSHWKDW
PDQ\RI\RXZHUHDEOHWRMRLQ\RXUFROOHDJXHV
WKHUHWRQHWZRUNOHDUQQHZWKLQJVVKDUH\RXU
NQRZOHGJHQHWZRUNDQGHQMR\WKHUHFHSWLRQV
JHW UHIUHVKHG DQG QHWZRUN  <HV , MXVW XVHG
QHWZRUNPXOWLSOHWLPHV7KHUHDVRQIRUWKDWLV
WKDWRQHRIP\ WRS UHDVRQV IRUDWWHQGLQJ WKH
DQQXDOFRQIHUHQFHLVWRQHWZRUNZLWKP\IULHQGV
FROOHDJXHV
, DOVR JR WR ILQG RXW ZKDW LV QHZ LQ WKH
SURIHVVLRQZKDWKDVFRPHDURXQGDJDLQWRJDLQ
NQRZOHGJHEXWLQWKHHQGLWDOZD\VFLUFOHVEDFN
WRQHWZRUNLQJ)RUPH6/$LVDJLJDQWLFQHWZRUN
WKDW KHOSVPH WR LGHQWLI\ ORFDWH DQG GHOLYHU
WKHLQIRUPDWLRQWKDWP\XVHUVQHHG,ORYHWR
KHDURQHRIP\HQJLQHHUVWHOODJXHVWWKDW³RXU
OLEUDULDQLVFRQQHFWHGDOORYHUWKHZRUOGDQGFDQ
¿QGDOPRVWDQ\WKLQJ´ :KDWPDNHVWKDWSRVVLEOH
LVWKHQHWZRUNWKDW,KDYHJDLQHGWKURXJKEHLQJ
DPHPEHURI6/$IRUWKHSDVWWZHQW\HLJKW\HDUV
,KRSH\RXUHDGEULHIZULWHXSVRQWKHSURJUDPV
WKDW 6FL7HFK VSRQVRUHG  $WWHQGDQFH DW 6FL
7HFKSURJUDPVZDVYHU\JRRG,DPKDSS\WR
UHSRUW2XUDQQXDOEUHDNIDVWEXVLQHVVPHHWLQJ
VWDUWHGRIIRXUSURJUDPPLQJDQGZHHQGHGZLWK
WKH DOZD\V SRSXODU 6FLHQFH7HFKQRORJ\ DQG
(QJLQHHULQJVHVVLRQRQ:HGQHVGD\PRUQLQJ
2Q0RQGD\PRUQLQJZHPHWRXUYDULRXVGLYLVLRQ
DZDUGZLQQHUV*HHWD3DOLZDOZRQWKH%RQQLH
+LOGLWFK,QWHUQDWLRQDO/LEUDULDQ$ZDUG9LYLHQQH
+RXJKWRQZRQWKH6.LUN&DEHHQ7UDYHO6WLSHQG
DQG 6LPRQ %DUURQ ZRQ WKH 'LDQH . )RVWHU
,QWHUQDWLRQDO6WXGHQW7UDYHO$ZDUG-RH.UDXV
SDVWFKDLUZRQWKH,PSRVVLEOH$ZDUG
7KH .H\QRWH VSHDNHU RQ 6XQGD\ ZDV *X\
.DZDVDNL$SSOH¶VIRUPHU³FKLHIHYDQJHOLVW´DQG
FRIRXQGHURI$//7RSFRPZKRZDVJUHDW+H
WDONHGDERXWKLVODWHVWERRN(QFKDQWPHQWWKDW
FDPHRXWLQ,ZLOOQRORQJHUZRUU\DERXW
FURZ¶VIHHWDURXQGP\H\HVVLQFHKHDULQJKLP
7KH 6/$ EXVLQHVVPHHWLQJZHQWZHOO WKLQJV
DUH VWLOO WLJKWPRQH\ZLVHZLWK WKH$VVRFLDWLRQ
EXWDUHVORZO\JHWWLQJEHWWHUDFFRUGLQJWRRXU
7UHDVXUHU'DQ7UHIHWKHQ+HDGTXDUWHUVVWDIILV
WKHVPDOOHVWLWKDVEHHQLQ\HDUVDQGLVZRUNLQJ
KDUGHUWKDQHYHUIRUXV
7KHDPRXQWRI YHQGRUVDW WKH ,QIR([SRZDV
GRZQIURPSDVW\HDUVEXWWKHRQHVWKHUHJRW
ORWVRITXHVWLRQVIURPWKHDWWHQGHHV$QGZKDW
ZRXOG WKH DQQXDO FRQIHUHQFH EHZLWKRXW WKH
UHFHSWLRQVSXWRQE\WKHXQLWVDQGWKHYHQGRUV"
0\IDYRULWHWKLV\HDUZDVWKHGDQFHSDUW\SXWRQ
E\WKH,7'LYLVLRQDQG'RZ-RQHV,WZDVDJRRG
WLPHWROHWORRVHDQGUHOD[ZLWKIULHQGVDIWHUD
ORQJGD\RIPHHWLQJV
3OHDVHUHPHPEHUWRFKHFNWKH6FL7HFKZHEVLWH
IRUQHZLQIRUPDWLRQUHJXODUO\KWWSVFLWHFKVOD
RUJLWLVDJUHDWSODFHWRNHHSXSZLWKZKDW
LV KDSSHQLQJZLWKLQ WKHGLYLVLRQ $OVRSOHDVH
UHPHPEHU WKDW RXU \HDUO\ XQLW HOHFWLRQ LV LQ
6HSWHPEHU3/($6(927(7KHWKUHHFDQGLGDWHV
IRUWUHDVXUHUDQGWKHFDQGLGDWHIRUFKDLUHOHFW
ZHUHLQWURGXFHGDWRXUDQQXDOEXVLQHVVEUHDNIDVW
DQGWKHLUELRVZLOOEHVHQWRXWDJDLQFORVHUWRWKH
HOHFWLRQ7KH\DUHDOVRORFDWHGIXUWKHURQLQWKLV
LVVXH0DQ\WKDQNVWRWKHVHIRXUSHRSOHZKRDUH
UXQQLQJIRURI¿FH,ZLOOXVHWKLVDVDFKDQFHWR
DVNDOORIRXUPHPEHUVKLSWRFRQVLGHUEHFRPLQJ
PRUHLQYROYHGZLWKWKHGLYLVLRQ3XW\RXUVHOIXS
DVDFDQGLGDWHIRURI¿FHRUWRFKDLUDFRPPLWWHH
RUMXVWWRVLWRQDFRPPLWWHH6FL7HFKQHHGV
\RXZHDUHVWURQJHUZKHQZHZRUNWRJHWKHU
2QHPRUHSOXJEHIRUH,FORVH7KHUHDUHVHYHUDO
RSHQSRVLWLRQVRQWKH6FL7HFK%RDUGWKDWQHHG
¿OOLQJSOHDVHFRQWDFWPHFDKDQVHQ#HVLLOFRP
LI\RXDUHLQWHUHVWHGLQRQHRIWKHVH

7KHRSHQLQJVDUHIRUD9HQGRU5HODWLRQV&KDLU
671%XVLQHVV0DQDJHU DQG IRU D 3URIHVVLRQDO
'HYHORSPHQW &KDLU  1R H[SHULHQFH QHHGHG
MXVWDZLOOLQJQHVVWROHDUQDQGWRWU\QHZWKLQJV
$JDLQFRQWDFWPHLI\RXZDQWWROHDUQPRUHDERXW
WKHVHSRVLWLRQV
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
0\7+$1.6WRDOOWKRVHZKRKDYHKHOSHGPHVR
IDUWKLV\HDU,FRXOGQ¶WGRLWZLWKRXW\RXUKHOS
+DYHDJUHDWIDOO
&KHU\O+DQVHQ
&KDLU6FL7HFK'LYLVLRQ
FDKDQVHQ#HVLLOFRP
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 6FL7HFK1HZV
6FLHQFH7HFKQRORJ\'LYLVLRQ1HZ0HPEHUV
6XEPLWWHGE\6DUDK2HONHU0HPEHUVKLS&RPPLWWHH&KDLU6FLHQFH7HFKQRORJ\'LYLVLRQ
6LPRQ$OFRFN
/RQGRQ(QJODQG
8.
6LPRQ%DUURQ
'XUKDP(QJODQG
8.
+DUU\%URRNV
*DLWKHUVEXUJ0'
86$
(OL]DEHWK&KHQH\
/RV$QJHOHV&$
86$
.LUD&RRSHU
6DQ'LHJR&$
86$
-HUHP\&XVNHU
,WKDFD1<
86$
&DURO'DUOLQJWRQ
+RSHODQG3$
86$
0LFKHOOH'LOORQ
6HDWWOH:$
86$
%HUQDGHWWH'XII\
9DQFRXYHU%&
&DQDGD
/L])UDQFLV
$OOVWRQ0$
86$
3HWHU*ULPP
2OQH\0'
86$
3KLOOLS+HZLWW
$OOHQWRZQ3$
86$
9LYLHQQH+RXJKWRQ
*OHQGDOH&2
86$
6KDVKLNDQWD-HQD
)DULGDEDG+DU\DQD
,1',$
*HQQ\-RQ
7RURQWR21
&DQDGD
6WDFL.DSODQ
1HZ<RUN1<
86$
*DLO.LQJ
1REOHVYLOOH,1
86$
'LDQH/HEORQG
0RUULVYLOOH1&
86$
1LFROH/XFH5L]]R
+RERNHQ1-
86$
6XVDQ/\QFK
1HZ3DOW]1<
86$
$PDQGD0DODQRZVNL
*OHQ%XUQLH0'
86$
%ULWWDQ\0XGG
6W&KDUOHV02
86$
7KH6FLHQFH7HFKQRORJ\'LYLVLRQZHOFRPHVLWVQHZPHPEHUV
/DXUD0XOOLQ
&KDQWLOO\9$
86$
$QQD0XV]\QVNL
/H[LQJWRQ0$
86$
/LVD1JR
%HUNHOH\&$
86$
0DUN5RX[
1RUWK7UXUR0$
86$
0LFKDHO6KDSLUR
6HDWWOH:$
86$
&KHU\O7KRPSVRQ
+LOOVERURXJK1&
86$
%HWK7KRPVHWW6FRWW
'HQWRQ7;
86$
$UZHQ8QJDU
3RUWODQG25
86$
0DWWKHZ:RRGV
6DQ)UDQFLVFR&$
86$
16
Sci-Tech News, Vol. 66 [2012], Iss. 3, Art. 13
http://jdc.jefferson.edu/scitechnews/vol66/iss3/13
6FL7HFK1HZV
6FLHQFH7HFKQRORJ\'LYLVLRQ0HPEHU3UR¿OH$EE\%HGIRUG
6XEPLWWHGE\6DUD6DPXHO0HPEHUVKLS&RPPLWWHH6FLHQFH7HFKQRORJ\'LYLVLRQ
$VWKHQHZ6FL7HFK1HZV$VVLVWDQW(GLWRUZH
WKRXJKW LW ZRXOG EH JRRG WR LQWURGXFH $EE\
%HGIRUG WR WKH UHDGHUVKLS $EE\ LVDVFLHQFH
OLEUDULDQDW*UDQG9DOOH\6WDWH8QLYHUVLW\LQ$O
OHQGDOH0LFKLJDQ6KHPRVWO\ZRUNVZLWKXQ
GHUJUDGXDWHVWXGHQWVLQKHUVXEMHFWDUHDVEXW
DOVRGRHVFROOHFWLRQGHYHORSPHQWDQG LQVWUXF
WLRQIRUWKRVHDUHDV$EE\ZDVJUDFLRXVHQRXJK
WRDQVZHUVRPHTXHVWLRQVYLDHPDLOWRKHOSXV
JHWWRNQRZKHUDELWEHWWHU
7HOOXVDOLWWOHELWDERXW\RXUFXUUHQWSRVL
WLRQ
,DPWKHOLDLVRQOLEUDULDQIRU%LRORJ\%LRPHGLFDO
6FLHQFHV&HOO	0ROHFXODU%LRORJ\&KHPLVWU\
DQG3K\VLFV7KH¿UVWWKUHHDUHDVKDYHPDV
WHU¶VSURJUDPVEXW,PRVWO\ZRUNZLWKXQGHU
JUDGXDWH VWXGHQWV0\ UHVSRQVLELOLWLHV LQFOXGH
FROOHFWLRQ GHYHORSPHQW DQG LQVWUXFWLRQ IRU
WKRVH DUHDV ,¶P DOVR WHQXUHWUDFN IDFXOW\ VR
WKDWPHDQV,QHHGWREHSDUWLFLSDWLQJLQVHUYLFH
ZLWKLQ WKH XQLYHUVLW\ DQG ZLWKLQ OLEUDULDQVKLS
DVZHOODVZRUNLQJWRZDUGSXEOLVKLQJRURWKHU
VFKRODUO\FUHDWLYH RXWSXW UHODWHG WR OLEUDULDQ
VKLS
7HOO XV ZK\ \RXZDQWHG WR EHFRPH D OL
EUDULDQ
,EHFDPHD OLEUDULDQ IRU WZRUHDVRQV 2QH ,
ORYHDJRRGSX]]OH6HDUFKLQJIRUOLWHUDWXUHIRU
DVWXGHQWRQDWRSLFDERXWZKLFK,NQRZYHU\
OLWWOH LV D FKDOOHQJH , FDQ¶W SDVVXS , NLQGRI
IHHOOLNH+RXVH0'LQP\SX]]OHREVHVVLRQV
7ZR,UHDOO\HQMR\KHOSLQJSHRSOHRXW7KHUH¶V
QRWKLQJPRUHUHZDUGLQJWKDWKHOSLQJDVWXGHQW
¿QGWKDWSHUIHFWDUWLFOHRUVHHLQJWKHOLJKWEXOE
PRPHQWIRUDVWXGHQWGXULQJDOLEUDU\LQVWUXF
WLRQVHVVLRQ
:KDWZDV\RXUEDFNJURXQGEHIRUH\RXEH
FDPHDVFLHQFHOLEUDULDQ"
,ZHQWWRVFKRRO IRUPXVLFYRFDOPXVLFWREH
VSHFL¿FDQG WKHQZHQW WR OLEUDU\ VFKRROZLWK
WKH LQWHQWLRQRIEHFRPLQJDPXVLF OLEUDULDQ ,
HQGHGXSZRUNLQJDWDKHDOWKVFLHQFHV OLEUDU\
DVDJUDGVWXGHQWZKLFK OHGPH LQWRDKHDOWK
VFLHQFHV SRVLWLRQ DIWHU JUDGXDWLQJ :KHQ WKH
VFLHQFHSRVLWLRQRSHQHGXSRQWKHPDLQFDP
SXVRI*968,MXPSHGDWWKHRSSRUWXQLW\IRUD
QHZFKDOOHQJH
:KDW GR \RX ¿QG PRVW
LQWHUHVWLQJ DERXW \RXU
ZRUN"
, ORYH WKDW , JHW WR KHDU
DERXW DOO WKH JUHDW WKLQJV
JRLQJ RQ LQ WKH VFLHQFH
ZRUOG ,¶P QRW D VFLHQWLVW
E\DQ\PHDQVDQGH[SORU
LQJVFLHQFHWRSLFVZLWKP\
VWXGHQWVDQG IDFXOW\KHOSV
PH WR XQGHUVWDQG VRPH
WKLQJLQWRZKLFK,ZRXOGQ¶W
RUGLQDULO\KDYHDQ\LQVLJKW
:KDWGR\RXWKLQNLVWKHPRVWLQWHUHVWLQJ
LVVXHLQOLEUDULDQVKLSWRGD\"
,WKLQNWKDWGHPRQVWUDWLQJRXUYDOXHLVDKXJHO\
LQWHUHVWLQJFRQFHSW:HFDQ¶WMXVWZULWHUHSRUWV
VD\LQJ OLEUDULHV DUH YDOXDEOH ZH KDYH WR VHOO
RXUVHOYHV:HKDYHWROHDUQKRZWRSHUIRUP
:KDWKDVEHHQ\RXUELJJHVWSURIHVVLRQDO
FKDOOHQJH"
,¶YHEHHQKDYLQJDKDUGWLPH¿QGLQJP\³QLFKH´
LQ OLEUDULDQVKLS,GRQ¶WQHFHVVDULO\¿WWKHWUD
GLWLRQDOOLDLVRQOLEUDULDQPROGDQG,¶PWU\LQJWR
¿JXUHRXWKRZZKR,DPFDQVHUYHWKHSURIHV
VLRQ,DOVRVWUXJJOHZLWKEHLQJDWHQXUHWUDFN
IDFXOW\PHPEHU7KHQHHGWRSXEOLVKDQGEHD
SDUWRIIDFXOW\JRYHUQDQFHDWD\RXQJHUDJHLV
DELWVWUHVVIXO,¶YHEHHQHOHFWHGFKDLURIDJRY
HUQDQFH FRPPLWWHH IRU WKLV FRPLQJ DFDGHPLF
\HDUDQG,¶PSHWUL¿HGEXW,NQRZLWZLOOEHD
KXJHJURZLQJH[SHULHQFHIRUPH
:KDWRUJDQL]DWLRQVDUH\RXLQYROYHGLQ"
,¶YHEHHQLQYROYHGLQWKH0LFKLJDQ/LEUDU\$V
VRFLDWLRQ DQG DP DPHPEHU RI $/$ 	 $&5/
5HFHQWO\,WRRNRQWKHSRVWRIDVVLVWDQWHGLWRU
RI6FL7HFK1HZV
:KDWDUHVRPHRI\RXULQWHUHVWVRXWVLGHRI
OLEUDULDQVKLS"
,¶PDPXVLFLDQE\WUDLQLQJVR,VLQJZLWKWKH
*UDQG5DSLGV6\PSKRQ\&KRUXV7KLVSDVW\HDU
ZHKDGDJUHDWVHDVRQ LQFOXGLQJ%HHWKRYHQ¶V
WK0DKOHU¶VWKDQG OLYHDFFRPSDQLPHQW WR
7KH/RUGRIWKH5LQJV5HWXUQRIWKH.LQJ,¶P
DOVRDQDYLGNQLWWHUDQGDOODURXQG',<DGGLFW
2QWKHVLGH,GRVRPHJUDSKLFGHVLJQZRUN
$EE\%HGIRUG
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:KDWDGYLFHZRXOG\RXJLYHDQHZPHP
EHU RI 6/$ QHZ /LEUDULDQ RU VRPHRQH
VWDUWLQJRXWLQVFLHQFHOLEUDULDQVKLS"
-XPSLQKHDG¿UVW'RQ¶WZDLWIRUVRPHRQHWR
WHOO\RXZKDWWRGR6KRZLQLWLDWLYH$QGLI\RX
GRQ¶W NQRZDQ\WKLQJDERXW VFLHQFH OLNHPH
JRRXWDQGOHDUQLW6/$RIIHUVJUHDW&(FRXUVHV
WRKHOS\RXRXWDQG WKHUHDUH VRPH IDQWDVWLF
ZHELQDUVDYDLODEOHRXWWKHUHWRKHOS\RXJHWRQ
\RXUZD\
7KDQN\RX$EE\IRUVKDULQJZLWKXV
+HUH DUH VRPH OLQNV WR WKLQJV WKDW $EE\
PHQWLRQV
 *UDQG9DOOH\6WDWH8QLYHUVLW\KWWSJYVX
HGX
 *UDQG5DSLGV6\PSKRQ\&KRUXVKWWS
ZZZJUV\PSKRQ\RUJJUVDI¿OLDWHVFKRUXV
 0LFKLJDQ/LEUDU\$VVRFLDWLRQKWWSZZZ
PODOLEPLXV
 $PHULFDQ/LEUDU\$VVRFLDWLRQ$/$KWWS
ZZZDODRUJ
 $VVRFLDWLRQRI&ROOHJH	5HVHDUFK/LEUDULHV
$&5/KWWSZZZDODRUJDFUO
 6/$&OLFN8QLYHUVLW\KWWSZZZVODRUJ
FRQWHQWOHDUQLQGH[FIP
18
Sci-Tech News, Vol. 66 [2012], Iss. 3, Art. 13
http://jdc.jefferson.edu/scitechnews/vol66/iss3/13
6FL7HFK1HZV
7KH6FL7HFK'LYLVLRQ1RPLQDWLRQVDQG(OHFWLRQV&RPPLWWHHLVYHU\H[FLWHGWRSUHVHQWWRWKH\RX
WKHFDQGLGDWHVZKRKDYHVWHSSHGXSWRUXQIRU&KDLU(OHFWDQG7UHDVXUHUVWDUWLQJLQ*HW
WRNQRZWKHVHFDQGLGDWHVDQGWKDQNWKHPIRURIIHULQJWRUXQIRUWKHVHLPSRUWDQWDQGFULWLFDOOHDG
HUVKLSSRVLWLRQVZLWKLQRXU'LYLVLRQ:HKDYHIDQWDVWLFVPDUWJHQHURXVOHDGHUVZLWKLQRXUUDQNV
DQGWKHVHFDQGLGDWHVDUHUHDG\DQGZLOOLQJWRFRQWLQXHWRVXSSRUWRXU'LYLVLRQ
(OHFWURQLFYRWLQJZLOOEHJLQLQ6HSWHPEHU7KHYRWLQJLQVWUXFWLRQVZLOOEHVHQWWR'LYLVLRQPHP
EHUVYLDWKH6FL7HFK'LYLVLRQHPDLOGLVWULEXWLRQOLVW6/$'67#VODO\ULVQHWDQGZLOOEHSRVWHGRQ
WKH6FL7HFK'LYLVLRQZHEVLWHKWWSVFLWHFKVODRUJ
+DYHTXHVWLRQV"&RQWDFWDQ\PHPEHUVRIWKH1RPLQDWLRQVDQG(OHFWLRQV&RPPLWWHH
+LODU\'DYLVKLODU\BGDYLV#QFVXHGX
3DP(QULFLSHQULFL#GXPQHGX
$QQD5HQDQQDZX#QRUWKZHVWHUQHGX
&KULVWLQH:KLWDNHUFKULVWLQHZKLWDNHU#XVFPHGVFHGX
1DQF\:LOPHVQZLOPHV#ZD\QHHGX
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
&DQGLGDWHIRU&KDLU(OHFW
7KH&KDLU(OHFWVHUYHVD\HDUWHUPDV&KDLU(OHFW&KDLU3DVW&KDLUIURP-DQXDU\WKURXJK'HFHPEHU
VW\HDURYHUVHHVSURJUDPPLQJSODQQLQJIRUWKHDQQXDOFRQIHUHQFHQG<HDUOHDGVWKH%RDUG
DQGPDNHVFRPPLWWHHDSSRLQWPHQWVUG\HDUUHVSRQVLEOHIRUJRYHUQLQJGRFXPHQWV
1HYHQND=GUDYNRYVND1HYHQND=GUDYNRYVNDKDVEHHQZRUNLQJDWWKH8QLYHU
VLW\RI0DU\ODQGVLQFHDVWKH+HDGRIWKH(QJLQHHULQJDQG3K\VLFDO6FLHQFHV
/LEUDU\(36/3ULRUWRMRLQLQJWKH8QLYHUVLW\RI0DU\ODQGVKHZDVZLWK*HRUJH
WRZQ8QLYHUVLW\VLQFHDV6FLHQFH5HIHUHQFH/LEUDULDQDWWKH%ORPPHU6FLHQFH
/LEUDU\)RUWZR\HDUV1HYHQNDZDVWKH5HIHUHQFH/LEUDULDQDW WKH
-HIIHUVRQ/DELQ1HZSRUW1HZV9$
$FWLYHLQ6/$VLQFH1HYHQNDLVWKHFXUUHQW7UHDVXUHURIERWKWKH6FLHQFH
7HFKQRORJ\'LYLVLRQ'67DQGWKH0DU\ODQG&KDSWHUDQGKDVEHHQ&KDLURIWKH
,QWHUQDWLRQDO&RPPLWWHHRI'67IRU¿YH\HDUV$V&KDLURIWKH,QWHUQDWLRQDO&RP
PLWWHH VKH ZDV LQVWUXPHQWDO LQ HVWDEOLVKLQJ D MRLQW LQWHUQDWLRQDO VWXGHQW WUDYHO
DZDUGZKHUH'67WHDPVZLWKYDULRXV6/$FKDSWHUVHDFK\HDUWRKHOSOLEUDU\LQ
IRUPDWLRQVWXGLHVJUDGXDWHVWXGHQWVRXWVLGHRI1RUWK$PHULFDDWWHQG6/$DQQXDO
FRQIHUHQFHV1HYHQNDZDVPHPEHURIWKH'679HQGRU5HODWLRQV&RPPLWWHHZKHQ
WKH&RPPLWWHHUHFHLYHGUHFRJQLWLRQIURPWKH'LYLVLRQ1HYHQNDKDVZLGHUDQJLQJ
H[SHULHQFHLQFRPPLWWHHZRUNVWUDWHJ\SURJUDPPLQJDQGHYHQWSODQQLQJ,IJLYHQWKHKRQRUWRVHUYHWKH
6FLHQFH7HFKQRORJ\'LYLVLRQDV&KDLU(OHFW1HYHQNDORRNVIRUZDUGWRSODQQLQJH[FLWLQJVWLPXODWLQJDQGLQ
IRUPDWLYHSURJUDPVDQGQHWZRUNLQJHYHQWVIRUWKH'LYLVLRQDQGLQFUHDVLQJPHPEHUVKLS
1HYHQNDKDVD%DFKHORURI6FLHQFHLQ3K\VLFVDQGD0DVWHUVLQ/LEUDU\6FLHQFH
6FLHQFH7HFKQRORJ\'LYLVLRQ&DQGLGDWHV
IRU&KDLU(OHFWDQG7UHDVXUHU
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&DQGLGDWHVIRU7UHDVXUHUODVWQDPHDOSKDEHWLFDORUGHUVHUYHVDWZR\HDUWHUP-DQXDU\WR'H
FHPEHU
7KHD$OOHQ7KHD$OOHQLVWKH,QWHUOLEUDU\/RDQ&DWDORJLQJ/LEUDULDQDWWKH86
(QYLURQPHQWDO3URWHFWLRQ$JHQF\/LEUDU\ LQ5HVHDUFK7ULDQJOH3DUN1&6KHKDV
EHHQDQDFWLYHPHPEHU LQ6/$VLQFHJUDGXDWLQJ IURP81&6,/6 LQ LQ WKH
6FLHQFH7HFKQRORJ\ 'LYLVLRQ (QYLURQPHQW DQG 5HVRXUFH 0DQDJHPHQW 'LYLVLRQ
(50'DQGZLWKWKH1RUWK&DUROLQD&KDSWHU,Q6FL7HFK7KHDKDVVHUYHGDVWKH
&KDLURIWKH6WXGHQW5HODWLRQV&RPPLWWHHVLQFHDQGKDVEHHQDPHPEHURI
WKH$QQXDO&RQIHUHQFH3ODQQLQJ&RPPLWWHHIRUWKHSDVWWZR\HDUV6KHDOVRVHUYHG
IURPDVWKH7UHDVXUHURIWKH(QYLURQPHQWDQG5HVRXUFH0DQDJHPHQW
'LYLVLRQDQGLVFXUUHQWO\WKH)LUVW<HDU'LUHFWRURIWKH1RUWK&DUROLQD&KDSWHURI
6/$6KHLVLQWHUHVWHGLQFRQWLQXLQJWRVWD\DFWLYHDQGLQYROYHGLQ6/$DQG6FL7HFK
6KHEHOLHYHVWKDWKHUSDVWH[SHULHQFHDV7UHDVXUHURI(50'ZLOOEHEHQH¿FLDO LQ
WDNLQJRQWKLVUROHZLWKLQ6FL7HFKDQGLVORRNLQJIRUZDUGWRVHUYLQJDQGKHOSLQJRXW
WKH'LYLVLRQ
%HFN\0LOOHU%HFN\LVFXUUHQWO\WKH(OHFWURQLF5HVRXUFHV	,QVWUXFWLRQ/LEUDULDQ
DW7RXUR8QLYHUVLW\&DOLIRUQLDZKHUHVKHLVDOLDLVRQWRWKH3KDUPDF\3XEOLF+HDOWK
DQG3K\VLFLDQ$VVLVWDQWSURJUDPV3ULRUWRKHUFXUUHQWSRVLWLRQVKHZRUNHGRQWKH
+HDOWKDQG(QYLURQPHQWDO5HVHDUFK2QOLQHGDWDEDVHSURMHFWDWWKH86(QYLURQ
PHQWDO3URWHFWLRQ$JHQF\3UHYLRXVO\VKHVSHQWPRUHWKDQDGHFDGHZRUNLQJDVD
ELRORJLVWZLWKDVSHFLDOW\LQERWDQ\DQGZHWODQGV:KLOHWDNLQJFODVVHVWRZDUGVKHU
0/,6VKHGLVFRYHUHG6/$WKURXJKDQHPDLODGYHUWLVLQJWKH6FL7HFK6WXGHQW0HP
EHUVKLSFRQWHVW±VKHHQWHUHGWKHFRQWHVWDQGVKH¶VEHHQDQ6/$6FL7HFK'LYLVLRQ
PHPEHUHYHUVLQFH,Q%HFN\ZRQDVWXGHQWVWLSHQGWRDWWHQGKHU¿UVW6/$
DQQXDOPHHWLQJZKHUHVKHKDGWKHRSSRUWXQLW\WRPHHWRWKHU6FL7HFKPHPEHUV
DQGZDVDVNHGWRMRLQWKH6WXGHQW5HODWLRQV&RPPLWWHH65&6KHKDVEHHQDQ
DFWLYHPHPEHURIWKH65&DQGKHOSHGVWDUWWKH&RQIHUHQFH%XGG\SURJUDPZKLFK
VKHQRZFRRUGLQDWHV6KHKDVDOVRZULWWHQDUWLFOHVIRUFKDSWHUDQGGLYLVLRQQHZVOHW
WHUVSODQQHGDQGDWWHQGHGQHLJKERUKRRGGLQQHUVDQGSUHVHQWHGDSRVWHUDWWKH$OO6FLHQFHV3RVWHU6HVVLRQ
6HUYLQJDV7UHDVXUHURIWKH6FL7HFK'LYLVLRQZRXOGJLYHKHUDQRSSRUWXQLW\WRFRQWULEXWHWRWKH'LYLVLRQLQ
DGLIIHUHQWZD\DQGOHDUQQHZVNLOOV6KHKDVEHHQWUHDVXUHURIWZRFRRSKRXVHVDQGLVDFWLYHO\LQYROYHG
ZLWKEXGJHWLQJDWKHUOLEUDU\
6KHLOD5RVHQWKDO6KHLOD5RVHQWKDOLVFXUUHQWO\D6HQLRU/LEUDULDQDQGPHPEHU
RI WKH /LEUDU\ )DFXOW\ DW &DUQHJLH0HOORQ 8QLYHUVLW\ &08 6KH DOVR VHUYHV DV
0DQDJHURI/LEUDU\6HUYLFHVDWWKH&DUQHJLH0HOORQ6RIWZDUH(QJLQHHULQJ,QVWLWXWH
6(, /LEUDU\ZKHUH VKHKDV EHHQ HPSOR\HG IRU WKH SDVW WZHQW\ ¿YH \HDUV ,Q
-XQH6KHLODUHFHLYHGWKH8QLYHUVLW\/LEUDULHV¶)DFXOW\$FKLHYHPHQW$ZDUGIRU
([FHOOHQFHLQ&XVWRPHU6DWLVIDFWLRQ,Q6KHLODMRLQHGDQGEHFDPHDYHU\DF
WLYHPHPEHURIWKH))5'&)HGHUDOO\)XQGHG5HVHDUFKDQG'HYHORSPHQW&HQWHUV
5&,05HVHDUFK&HQWHU,QIRUPDWLRQ0DQDJHUV*URXSZKLFKDOORZVKHUWRQHWZRUN
DQGERQGZLWK/LEUDU\'LUHFWRUVDWPDQ\RIWKH))5'&VWKDWKDYHLPSRUWDQWDQG
LQÀXHQWLDOUHODWLRQVKLSVZLWKWKH6(,
6KHLODLVDOVRYHU\DFWLYHLQWKH6SHFLDO/LEUDULHV$VVRFLDWLRQ6/$DVWKHFXUUHQW
&KDLU RI WKH $ZDUGV &RPPLWWHH IRU WKH 6FLHQFH7HFKQRORJ\ 'LYLVLRQ D SRVLWLRQ
VKHKDVKHOGVLQFH$ZDUGZLQQHUVKDYHLQFOXGHGDSSOLFDQWVIURPZLWKLQWKH8QLWHG6WDWHVDVZHOODV
WZR,QWHUQDWLRQDO$ZDUGV5HFLSLHQWVRIWKHVH,QWHUQDWLRQDO$ZDUGVKDYHLQFOXGHGPHPEHUVRIWKH$VLDQ
(XURSHDQDQG$XVWUDOLD1HZ=HDODQG&KDSWHUVZLWKLQ6/$7KLV\HDUVKHKDVDSSOLHGIRUWKHSRVLWLRQRI
7UHDVXUHUIRUWKH6FLHQFH7HFKQRORJ\'LYLVLRQ6KHLVLQWHUHVWHGLQWKLVSRVLWLRQDVDZD\RIEHFRPLQJPRUH
DFWLYHZLWKLQWKH'LYLVLRQDOWKRXJKVKHVWLOOJUHDWO\HQMR\VFKDLULQJWKH$ZDUGV&RPPLWWHH+HUSRVLWLRQDV
$ZDUGV&KDLU LQFUHDVHGKHU LQYROYHPHQWZLWKWKH6/$$VLDQ&KDSWHUDQGLQ0DUFKVKHZDVLQYLWHG
WRWKHLU/,36FRQIHUHQFHLQ1HZ'HOKL,QGLDWRVXEPLWDQGSUHVHQWDSDSHU³,QVWLWXWLRQDO5HVHDUFK
'DWD&ROOHFWLRQ0HWKRGRORJLHVDQG7RROV/LEUDU\5HTXHVW6\VWHPDQG&LWDWLRQ$QDO\VLV´DQGWRFKDLURQH
RIWKHLUFRQIHUHQFHVHVVLRQV,Q6KHLODFRDXWKRUHGDERRNFKDSWHU³/LIHDVD&RUSRUDWH/LEUDULDQDW
WKH6RIWZDUH(QJLQHHULQJ,QVWLWXWH´IRU%HVW3UDFWLFHVIRU&RUSRUDWH/LEUDULHVHGLWHGE\0DUMRULH-3RUWHU
DQG6LJULG(.HOVH\
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$UFKLYHVUHSRUW-XO\±-XQH
5LFKDUG3+XOVHU&KLHI/LEUDULDQ1DWXUDO+LV
WRU\ 0XVHXP /RV $QJHOHV &RXQW\ DVNHG PH
ZKHWKHU WKH$UFKLYHVQHHGHGDQ\EDFN LVVXHV
RIWKH%XOOHWLQWKDWKHZDVGLVSRVLQJRI6LQFH
WKH\ZHUHDOUHDG\LQWKH$UFKLYHVFROOHFWLRQKH
VHQWWKHLVVXHVWR$EE\7KRUQH(G
LWRU6FL7HFK1HZVIRUXVHLQDVFDQQLQJSURM
HFW
,VXSSOLHG$EE\DVFDQRIDQDUWLFOHWKDW5LFKDUG
+XOVHUZURWHDERXW(OOLV0RXQW³(OOLV0RXQWD
SRUWUDLW ´6FL7HFK1HZV9RO1R-DQXDU\
 WKDWVKHDQG5LFKDUGZHUHFRQVLG
HULQJUHSULQWLQJLQ6FL7HFK1HZV(OOLV0RXQW
SDVVHGDZD\UHFHQWO\
,VXSSOLHG&KHU\O+DQVHQDOLVWRISDVW6FL7HFK
$FKLHYHPHQW$ZDUGZLQQHUV
$EE\7KRUQHKDVWKH¿OHVIRUWKH
LVVXHV RI 6FL7HFK1HZV EXUQHG WR D &' :H
FRUUHVSRQGHGDERXWSODFLQJD FRS\ LQ WKHDU
FKLYHVEXWQHYHUGHFLGHGRQDSODQ
,KDYHQRWEHHQYHU\GLOLJHQWWKLV\HDUZLWKVHY
HUDOLGHDVIRUWKH$UFKLYHVIURPSUHYLRXV\HDUV
7KH\DUHOLVWHGEHORZ
)XWXUHSODQV
6KRXOG ZH WU\ WR SRVW ROGHU HOHFWURQLF GRFX
PHQWVLQ$UFKLYLVW¿OHVWKDWDUHQRWRQWKH6/$
ZLNL"
:RUNZLWKZHESDJHPDQDJHU WR WDNHDVQDS
VKRW RI 6FL7HFK ZHEVLWH HYHU\  PRQWKV RU
VRDQGEXUQWRD&''9'IRUDUFKLYHV1RWH
WKHUHDUHVRPHSDJHVDUFKLYHGDWKWWSZHE
DUFKLYHRUJZHEKWWSXQLWVVODRUJGLYL
VLRQGVWIURP-XO\WR-XQH
7KHDUFKLYHVFRQWDLQGXSOLFDWHFRSLHVRIPDQ\
FXUUHQW LVVXHVRI WKH6FL7HFK%XOOHWLQ LQFDVH
ZHZDQWWRVFDQWKHP,FRXOGSUREDEO\KDYHD
IHZRIP\VWXGHQWZRUNHUVGRWKHZRUNLIWKHUH
DUH QR FRS\ULJKW LVVXHV LQYROYHG LQ SXWWLQJ
WKHVHRQWKH6FL7HFK'LYLVLRQZHEVLWH
6HQGXSGDWHGLQYHQWRU\WRZHESDJHPDQJHU
7KH$UFKLYHVFRQWDLQVERXQGLVVXHVRIWKH%XO
OHWLQWKURXJK,VKRXOGELQGWKHRQHVDI
6FLHQFH7HFKQRORJ\'LYLVLRQ&RPPLWWHH5HSRUWV
6FLHQFH7HFKQRORJ\&RPPLWWHH5HSRUWVJLYHQDWWKH
6/$$QQXDO&RQIHUHQFH&KLFDJR,/-XO\
WHUWKDWGDWH
, QHHG WR SULQW RII XVLQJ DFLGIUHH SDSHU DQ\
%XOOHWLQ LVVXHV WKDW ZH QHHG WKDW QR ORQJHU
FRPH LQSULQW 6R IDU ,KDYHSULQWHG9RO
LVVXHVDQG
7KLVVXPPHU,QHHGWRFKHFNWKHZLNLDQGSULQW
RIIDQ\GRFXPHQWVWKDWVKRXOGEHSODFHGLQWKH
DUFKLYHV
6XEPLWWHGE\5RJHU%HFNPDQ'LYLVLRQ$UFKL
YLVWV-XO\
$ZDUGV&RPPLWWHH5HSRUW
)LUVW,ZRXOG OLNHWRWKDQNRXUUHWXUQLQJFRP
PLWWHH PHPEHUV ZKRVH FRQWULEXWLRQV DUH VR
JUHDWO\ DSSUHFLDWHG DQG ZKR PDNH P\ SRVL
WLRQDVFRPPLWWHHFKDLUVRUHZDUGLQJDQGHQ
MR\DEOH  'LDQH %UHQHV (QJLQHHULQJ 'LYLVLRQ
$ZDUGV &KDLU DQG FRVSRQVRU RI WKH %RQQLH
+LOGLWFK$ZDUG0ROO\7HER'U6KDQWDQX*DQ
JXO\6DUD6DPXHO6XVDQ3RZHOO'U3.-DLQ
'U 'HEDO & .DU .DWK\1RUGKDXV DQG &LQG\
;LDQJ1HZPHPEHUVRIRXUFRPPLWWHHZHUH
&\QWKLD &RKHQ ODVW \HDU¶V 6 .LUN &DEHHQ
$ZDUGZLQQHU DQG'U+DULVK&KDQGUDZLQQHU
RI WKH %RQQLH+LOGLWFK $ZDUG  8QIRUWX
QDWHO\'U&KDQGUDKDVEHHQXQDEOHWRDWWHQG
ERWKWKH3KLODGHOSKLDDQG&KLFDJRFRQIHUHQFHV
VRKHKDVQHYHURI¿FLDOO\ UHFHLYHGKLV$ZDUG
7KLV \HDU WKHUH ZHUH QR QRPLQDWLRQV IRU WKH
6FL7HFK$FKLHYHPHQW $ZDUG XQOLNH ODVW \HDU
ZKHQZH KDG WZRZLQQHUV 6XVDQ )LQJHUPDQ
DQG'U'HEDO&.DU
6FL7HFK 'LYLVLRQ $ZDUG :LQQHUV OHIW WR ULJKW
9LYLHQQH+RXJKWRQ*HHWD3DOLZDO6LPRQ%DUURQ
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,W LV XQIRUWXQDWH WKDW $ODD+ 5LGKD WKHZLQ
QHURIWKH6FL7HFK'LYLVLRQDQG$UDELDQ
*XOI&KDSWHU6WXGHQW$ZDUGKDVQHYHUMRLQHG
6/$DQGQHYHU IXO¿OOHGKHU UHVSRQVLELOLWLHV IRU
UHFHLSWRIWKLVDZDUGZKLFKLQFOXGHGZULWLQJDQ
DUWLFOH DERXW KHU FRQIHUHQFH H[SHULHQFHV IRU
WKHIDOOLVVXHRI6FL7HFK1HZVDQGVHUYLQJDVD
PHPEHURIWKH6FL7HFK$ZDUGV&RPPLWWHHIRU
DWOHDVWRQH\HDUIROORZLQJWKHFRQIHUHQFH
'LDQH . )RVWHU ,QWHUQDWLRQDO 6WXGHQW 7UDYHO
$ZDUG
$W WKH -XQH  6FL7HFK %RDUG 0HHWLQJ LQ
3KLODGHOSKLD-RH.UDXVEURXJKWXSWKHLGHDRI
KRQRULQJ'LDQH.)RVWHUE\QDPLQJRXU,QWHU
QDWLRQDO6WXGHQW$ZDUGWKH'LDQH.)RVWHU,Q
WHUQDWLRQDO6WXGHQW7UDYHO$ZDUG 7KLVQDPH
FKDQJHZDVRI¿FLDOO\DSSURYHGE\WKH%RDUGDW
WKDWPHHWLQJ
1HYHQND =GUDYNRYVND FRQWLQXHG WR RIIHU KHU
H[SHUW DVVLVWDQFH LQ VXSSRUW RI RXU 'LDQH .
)RVWHU $ZDUG   6LQFH ZH KDG QHYHU ZRUNHG
ZLWKWKH6XE6DKDUDQ$IULFD&KDSWHU1HYHQND
LQLWLDOO\WULHGWRFRQWDFWWKHP)RUPHGLQ
WKH\DUHDYHU\VPDOOFKDSWHUZLWKRQO\PHP
EHUVDQGWKH\GRQRWKDYHDQ$ZDUGV&RPPLW
WHH 6LQFHWKLVFKDSWHUZDVUDWKHUGLI¿FXOWWR
FRQWDFWZHWKRXJKWLWPLJKWEHEHWWHUWRZDLWD
IHZ\HDUVIRUWKHLUPHPEHUVKLSWRJURZEHIRUH
ZHWU\WRFRVSRQVRUWKLVDZDUGZLWKWKHP,Q
ODWH6HSWHPEHU1HYHQNDZDVFRQWDFWHGE\%H
WKDQ 5XGGRFN &KDLU RI WKH (XURSHDQ &KDSWHU
$ZDUGV&RPPLWWHHZKRDVNHGLI6FL7HFKZDV
VWLOOLQWHUHVWHGLQFRVSRQVRULQJWKH6/$(XURSH
(DUO\&DUHHU&RQIHUHQFH$ZDUGV(&&$V:H
UHVSRQGHGYHU\ IDYRUDEO\DQGDJUHHGWKDWZH
ZRXOG HDFK FRQWULEXWH  WR WKLV DZDUG
%HWKDQZDVKRSLQJ WR ODXQFK WKHDZDUGV ODWH
'HFHDUO\-DQDQGZDQWHGWRKDYHDPHPEHU
RIRXU'LYLVLRQRQWKHMXGJLQJSDQHO6KHKDG
DWRWDORIDSSOLFDQWVDQGVHQWPHDOORIWKH
QRPLQDWLRQPDWHULDOV IRUWKH6FL7HFKDSSOL
FDQWVZKLFK,VKDUHGZLWKRXU$ZDUGV&RPPLW
WHH%HWKDQZDVYHU\RUJDQL]HGSURYLGLQJDQ
RI¿FLDO IRUP IRU XV WR FRPSOHWH D VHFWLRQ RQ
HDFKDSSOLFDQWDQGJLYHUHDVRQVIRUWKHFKRLFHV
WKDWZHPDGH2XU$ZDUGV&RPPLWWHHUHDFKHG
DYHU\VWURQJDQGGHFLVLYHFRQFOXVLRQWKDW6L
PRQ%DUURQZRXOGEHWKHZLQQHURIWKLV$ZDUG
IRU WKH 6FL7HFK 'LYLVLRQ 6LPRQ ZDV D ³)LUVW
&ODVV6WXGHQW´ZLWKDQLPSUHVVLYHZRUNKLVWRU\
ZKRKDGDOVRGRQHDJUHDWGHDORIFDPSDLJQ
LQJZRUNIRUOLEUDU\DGYRFDF\:HZHUHDEOHWR
VHQGWKHFRPPLWWHH¶VGHFLVLRQWR%HWKDQE\KHU
UHTXLUHGGXHGDWHRI0DUFKWKDQGVKH
DJUHHGWKDW6LPRQZDVWKHEHVWFDQGLGDWH,
YROXQWHHUHGWREH6LPRQ¶VPHQWRUEHIRUHGXU
LQJDQGDIWHUWKHFRQIHUHQFH7KLVZDVWKH¿IWK
\HDU LQ D URZ WKDW WKH 6FL7HFK 'LYLVLRQ KDG
WHDPHGXSZLWKDQ6/$&KDSWHURXWVLGHRIWKH
86WRKRQRUDQ,QWHUQDWLRQDO0/6VWXGHQWDQG
WKHVHFRQGWLPHWKDWZHFRVSRQVRUHGZLWKWKH
(XURSHDQ&KDSWHU:HUHDOO\DSSUHFLDWHGDQG
HQMR\HGZRUNLQJZLWK%HWKDQ5XGGRFNRQWKLV
$ZDUG
7KH 6 .LUN &DEHHQ 7UDYHO 6WLSHQGZDV
DZDUGHG WR 9LYLHQQH +RXJKWRQ  9LYLHQQH
JUDGXDWHG IURPWKH8QLYHUVLW\RI'HQYHUZLWK
D0DVWHU¶V LQ/LEUDU\DQG ,QIRUPDWLRQ6FLHQFH
LQ -XQH  6KH KDV DOVR HDUQHG DQ (DUO\
&KLOGKRRG /LEUDULDQVKLS )HOORZ DQG UHFHLYHG
KHUXQGHUJUDGXDWHGHJUHHIURPWKH8QLYHUVLW\
RI&DOLIRUQLDDW/RV$QJHOHVD%DFKHORURI$UWV
LQ(DVW$VLDQ6WXGLHVJUDGXDWLQJ&XPODXGH
6LQFH0DUFK9LYLHQQHKDVEHHQZRUNLQJ
DV D5HVHDUFK )HOORZ DW WKH /LEUDU\5HVHDUFK
6HUYLFHV&RORUDGR6WDWH/LEUDU\,QWKLVSRVL
WLRQVKHGRHVGDWDDQGUHVHDUFKDQDO\VLVWRFUH
DWHUHSRUWVRQ%URDGEDQG7HFKQRORJ\2SSRUWX
QLW\%723*UDQW3URMHFWIRU&RORUDGR¶V3XEOLF
&RPSXWHU&HQWHUV
$Q ,QGHSHQGHQW 6WXG\ SURYLGHG WKH RSSRUWX
QLW\IRUKHUWRZRUNLQ'XEOLQ,UHODQGDQG%RUDV
6ZHGHQ9LYLHQQHKDVZRQVHYHUDODZDUGVDQG
SDUWLFLSDWHV LQ QXPHURXV SURIHVVLRQDO DFWLYL
WLHVDQGVHUYLFHVKDVDWWDLQHGDZLGHYDULHW\
RIFRPSXWHUVNLOOVDQGLVDPHPEHURISURIHV
VLRQDO DVVRFLDWLRQV RQ WKH VWDWH QDWLRQDO DQG
LQWHUQDWLRQDOOHYHOV7KHVHLQWHUQDWLRQDODVVR
FLDWLRQVLQFOXGH$/$0/$DQG6/$
7KH %RQQLH +LOGLWFK 6FLHQFH7HFKQRORJ\
DQG(QJLQHHULQJ'LYLVLRQV,QWHUQDWLRQDO/LEUDU
LDQ$ZDUGZDVDZDUGHGWR0V*HHWD3DOLZDO
*HHWDLVFXUUHQWO\SXUVXLQJKHU3RVW*UDGXDWH
'LSORPDLQ/LEUDU\DQG1HWZRUNLQJIURPWKH,Q
GLUD*DQGKL1DWLRQDO2SHQ8QLYHUVLW\,*128
LQ1HZ'HOKL,QGLD6KHKDVD0DVWHUVRI3KL
ORVRSK\03KLOLQ/LEUDU\DQG,QIRUPDWLRQ6FL
HQFHDQGDQ0/,6IURPWKH8QLYHUVLW\RI'HOKL
DQGSODQVWRSXUVXHD3K'LQ/LEUDU\DQG,Q
IRUPDWLRQ6FLHQFH*HHWDLVFXUUHQWO\ZRUNLQJ
ZLWK'U3.-DLQDWWKH,QVWLWXWHRI(FRQRPLF
*URZWK/LEUDU\LQ'HOKL,QGLD6KHKDVZULWWHQ
PDQ\SDSHUVZKLFKKDYHEHHQSUHVHQWHGDQG
SXEOLVKHGLQQDWLRQDODQG,QWHUQDWLRQDOFRQIHU
HQFHV*HHWDMRLQHG6/$DQGEHFDPHDPHP
EHURIWKH6FLHQFH7HFKQRORJ\'LYLVLRQLQ
,QVKHZRQWKH³(DUO\&DUHHU$ZDUG´WKDW
ZDVVSRQVRUHGE\WKH%XVLQHVV	)LQDQFH'LYL
VLRQDQGWKH$VLDQ&KDSWHURI6/$ 7KLVZDV
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WKH¿UVWWLPHVKHKDGDWWHQGHGDQ6/$&RQIHU
HQFHDQGZDVDOVRWKH¿UVWWLPHVKHKDGFRPH
WRWKH8QLWHG6WDWHV
7KLV\HDUDW'U3.-DLQ¶VLQYLWDWLRQ,KDGWKH
SULYLOHJHRIDWWHQGLQJWKH/LEUDU\DQG,QIRUPD
WLRQ3URIHVVLRQDOV6XPPLW /,36ZKHUH
*HHWD3DOLZDOZDVDYHU\DFWLYHSDUWLFLSDQW6KH
GLGDQH[FHOOHQWMREZRUNLQJZLWK'U3.-DLQ
DQGWKHRWKHUFRQIHUHQFHRUJDQL]HUVLQPDNLQJ
WKLV FRQIHUHQFH VXFKDKXJH VXFFHVV  ,Q DG
GLWLRQWRDVVLVWLQJ LQ$ZDUGSUHVHQWDWLRQVDQG
GLVWULEXWLRQVDW WKHFRQIHUHQFHUHOHDVHRI WKH
FRQIHUHQFH SURFHHGLQJV DQGKHOSLQJ WR RUJD
QL]HDEHDXWLIXO&XOWXUDO3URJUDPDVDGHOLJKWIXO
FRQFOXVLRQWRWKH¿UVWGD\¶VHYHQWV*HHWDDOVR
SUHVHQWHGDSDSHUWKDWVKHKDGZULWWHQZLWK'U
3.-DLQHQWLWOHG³/HDGHUVKLSDQG3URIHVVLRQDO
LVPLQ/LEUDU\DQG,QIRUPDWLRQ6HUYLFHV ´7KLV
SDSHUZDVDOVRSXEOLVKHGLQWKH/,36&RQ
IHUHQFH3URFHHGLQJV
5HJDUGLQJRXU/RQJHYLW\$ZDUGVWKHUHZHUHD
WRWDORIZLQQHUV,KDYHSODFHGWKHOLVWLQJRI
DOO/RQJHYLW\$ZDUG:LQQHUVDW WKHHQGRI
WKLV&RPPLWWHH5HSRUW
:HKDGWZR5HWLUHH$ZDUG&HUWL¿FDWHV±6XVDQ
6Q\GHUDQG'U5REHUW%DOODUG
)RUWKHSDVW\HDUV6XVDQ6Q\GHUKDVZRUNHG
LQWKH&DWDORJ'HSDUWPHQWDW&X\DKRJD&RXQW\
3XEOLF/LEUDU\LQ3DUPD2KLR6KHUHWLUHGWKLV
VXPPHUDQGKHUODVWGD\RIZRUNZDV-XQH
6KHZLOOQRWEHDEOHWRDWWHQGWKH6/$
$QQXDO&RQIHUHQFHWKLV\HDUEHFDXVHVKHZLOOEH
SUHSDULQJWRSUHVHQWDZRUNVKRSVHVVLRQRQWKH
'HZH\GHFLPDOFODVVL¿FDWLRQDWWKH&KXUFKDQG
6\QDJRJXH/LEUDU\$VVRFLDWLRQ$QQXDO&RQIHU
HQFHODWHULQ-XO\6KHH[SUHVVHGKHUJUDWLWXGH
IRURXULQWHUHVWLQWKHPHPEHUVRIRXU'LYLVLRQ
ZKRDUHUHWLULQJ
'U5REHUW%DOODUGZURWHWRPHLQ$SULOWR
OHWPHNQRZWKDWKHZDVSODQQLQJWRUHWLUHDW
WKHHQGWKHVHPHVWHUWKLV\HDU,VSRNHZLWK
KLP DW WKH $QQXDO &RQIHUHQFH LQ 3KLODGHOSKLD
ODVW\HDUDQGDVNHGKLPWRVHQGPHDVXPPDU\
YLWDUHYLHZ RI KLV OLIH ZKHQ KH UHWLUHG  +H
LQVHUWHGWKLVLQWRKLVHPDLODQG,KDYHFDSWXUHG
LWEHORZ
'HDU6KHLOD

$7 6/$ ODVW -XQH \RX WROGPH WR VHQG \RX D
VXPPDU\YLWDUHYLHZRIP\OLIHZKHQ,UHWLUHG
,DPUHWLULQJDWWKHHQGRIWKLVVHPHVWHU,WKLQN
WKDWLWZDV\RX,I,KDYHPDGHDPLVWDNHGLV
UHJDUG

, DP D QDWLYH RI $WODQWD *HRUJLD , JUDGXDWHG
IURP 0RUHKRXVH &ROOHJH ZLWK D PDMRU LQ KLV
WRU\ LQ  , HDUQHG WKH06/6 IURP$WODQWD
8QLYHUVLW\ LQ  WKH 0$ LQ (GXFDWLRQ IURP
(DVWHUQ 0LFKLJDQ 8QLYHUVLW\ LQ  DQG WKH
3K' LQ /LEUDU\ 6FLHQFH IURP 7KH 8QLYHUVLW\ RI
0LFKLJDQLQ/LYLQJLQ$WODQWDLQWKHPLGVW
RIWKHFLYLOULJKWVPRYHPHQWDQGPRYLQJWR$QQ
$UERU 0LFKLJDQ LQ WKH PLGGOH RI WKH DQWL9LHW
1DPZDUPRYHPHQWZHUHWKHELJHYHQWVRIP\
\RXQJDGXOWOLIH7KHFKDQJHVWKDWZHVHHLQVR
FLHW\ WRGD\ZHUH VKDSHGE\ WKRVH WLPHV DQG ,
DPKDSS\WRKDYHDSDUWRIWKHPHYHQDVIDFH
LQWKHFURZG,EHJDQP\SURIHVVLRQDOFDUHHUDV
DDFDGHPLFOLEUDULDQ,Q,DFFHSWHGDSRVL
WLRQDVOLEUDULDQ,QIRUPDWLRQ2I¿FHUDWWKH*UHDW
/DNHV5HVHDUFK/DERUDWRU\RIWKH8QLWHG6WDWHV
%XUHDX LI &RPPHUFLDO )LVKHULHV QRZ D SDUW RI
WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI &RPPHUFH
LQ $QQ$UERU0LFKLJDQ:LWKP\ KLVWRU\ EDFN
JURXQGLQDIUHVKZDWHUELRORJ\ODERUDWRU\,ZDV
RYHUZKHOPHG , VRXJKW KHOS DWZKDW DSSHDUHG
WREHDOLEUDU\VLPLODUWRPLQHRQWKHFDPSXVRI
7KH8QLYHUVLW\RI0LFKLJDQ,EHOLHYHLWZDVWKH
6FKRRORI1DWXUDO5HVRXUFHV,ZDONHGLQXQDQ
QRXQFHGDQGWKHUH,PHWD\RXQJOLEUDULDQE\WKH
QDPHRI-XGLWK-)LHOG1HLWKHURIXVFRXOGKDYH
LPDJLQHG WKDW RQHGD\ VKHZRXOGEHFRPH WKH
3UHVLGHQWRIWKH6SHFLDO/LEUDULHV$VVRFLDWLRQ

-XG\FKDQJHGP\OLIH6KHWROGPHRQHGD\WKDW
ZHDUHJRLQJWRWKHVWDWHPHHWLQJRIWKH6SHFLDO
/LEUDULHV$VVRFLDWLRQ , VDLG , DPQRWDPHP
EHU 6KH VDLG ³, VDLG \RX DUH JRLQJ ´ ,W ZDV D
GHFLVLRQWKDW,YDOXHWRWKLVGD\$ORQJWKHZD\
,KDYHEHHQDPHPEHURIPRUH WKDQRQHGLYL
VLRQEXWWKHRQHFRQVWDQWZDVWKH6FLHQFHDQG
7HFKQRORJ\ 'LYLVLRQ ,Q   , EHFDPH (GL
WRURI6FL7HFK1HZV:KHQ,VWHSSHGGRZQ LQ
 , ZDV DW WKDW WLPH WKH ORQJHVW VHUYLQJ
(GLWRURI6FL7HFK1HZV,WZDVDJUHDWKRQRUWR
EH DZDUGHG WKH 6FL7HFK'LYLVLRQ $FKLHYHPHQW
$ZDUGLQ7KHUHKDYHEHHQRWKHUKRQRUVRU
DFKLHYHPHQWVDORQHWKHZD\EXWP\DVVRFLDWLRQ
ZLWK6/$DQG WKH6FL7HFK'LYLVLRQKDV DOZD\V
¿JXUHG SURPLQHQWO\ LQ P\ OLIH DQG HYHU\WKLQJ
WKDW , KDYH GRQH , EHJDQP\ WHDFKLQJ FDUHHU
DWWKH6FKRRORI/LEUDULDQVKLSDW:HVWHUQ0LFKL
JDQ 8QLYHUVLW\  , HVWDEOLVKHG 6SHFLDO /LEUDULHV
$VVRFLDWLRQ$XWKRUL]HG6WXGHQW*URXSVDWERWK
:HVWHUQ0LFKLJDQ8QLYHUVLW\DQG1RUWK&DUROLQD
&HQWUDO8QLYHUVLW\$VWLPHSDVVHG,ZDVDOZD\V
KDSS\WRPHHWWKHVHIRUPHUVWXGHQWVDW6/$$Q
QXDO0HHWLQJV)RU\HDUVQRZ,KDYHEHHQRQ
WKH)DFXOW\RIWKH6FKRRORI/LEUDU\DQG,QIRUPD
WLRQ6FLHQFHVDW1RUWK&DUROLQD&HQWUDO,Q
 , VHUYHG DV ,QWHULP'HDQ  ,Q 
,ZDVD)XOEULJKW+D\V3URIHVVRULQWKH'HSDUW
PHQWRI/LEUDU\6WXGLHVDWWKH8QLYHUVLW\RI=DP
ELD ,ZDV YHU\SURXGZKHQ WZRRIP\ IRUPHU
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VWXGHQWVIURPWKH8QLYHUVLW\RI=DPELDFKRVHWR
GRWKHLUJUDGXDWHZRUNDW1RUWK&DUROLQD&HQWUDO
8QLYHUVLW\,Q0D\RI,ZDVLQYLWHGWRWZR
RXWVRXUFLQJIDLUVLQ&KRQJTLQJDQG0DQQVKDQ
&KLQD,SUHVHQWHGDSDSHULQ0DQQVKDQ,QWKDW
SUHVHQWDWLRQ,PDGHUHIHUHQFHLQD3RZHU3RLQW
WR D SDSHU WKDW -DVRQ +RZDUG D  6/,6
JUDGXDWHKDGZULWWHQ IRUP\*RYHUQPHQW3XE
OLFDWLRQVFODVV7KHUHLVQRWKLQJWKDWKDVPDGH
PHSURXGHUWKDQKDYLQJWZRIRUPHUVWXGHQWV5H
EHFFD9DUJDDQG'RULV+HIQHUUXQIRU3UHVLGHQW
RIWKH6SHFLDO/LEUDULHV$VVRFLDWLRQLQWKHVDPH
\HDU2QO\RQH5HEHFFDFRXOGZLQ%XW,FRXOG
QRWORVH/DVW-XQHDWRXU6/$$QQXDO0HHWLQJ,
ZDONHGLQWRRXURSHQLQJJHQHUDOVHVVLRQMXVWLQ
WLPHWRKHDU'RULV+HIQHUFDOOP\QDPHDVRQH
RIWKRVHWKDWVKHJDYHWKDQNVWRDVVKHDFFHSWHG
WKH$VVRFLDWLRQ¶V+DOORI)DPHDZDUG6RQRZ,
VD\WKDQN\RX'RULVWKDQN\RX6/$DQGWKDQNV
WRDOORIP\IRUPHUVWXGHQWVHYHU\ZKHUH

6LQFHUHO\
5REHUW0%DOODUG
3URIHVVRU

5HVSHFWLYHO\VXEPLWWHGE\6KHLOD/5RVHQWKDO
&KDLU 6FLHQFH7HFKQRORJ\ 'LYLVLRQ $ZDUGV
&RPPLWWHH
6FLHQFH7HFKQRORJ\'LYLVLRQ$ZDUGV&RP
PLWWHH0HPEHUV
'LDQH %UHQHV (QJLQHHULQJ 'LYLVLRQ $ZDUGV
&KDLUFRVSRQVRUV%RQQLH+LOGLWFK$ZDUG
+DULVK&KDQGUD
&\QWKLD&RKHQ
6KDQWDQX*DQJXO\
3.-DLQ
'HEDO&KDQGUD.DU
.DWK\1RUGKDXV
6XVDQ3RZHOO
6DUD6DPXHO
0ROO\7HER
&LQG\;LDQJ
/RQJHYLW\$ZDUG:LQQHUV
6XVDQ$UGLV±\HDUV
5RJHU%HFNPDQ±\HDUV
/LQGD'RGVRQ±\HDUV
-RVK'XEHUPDQ±
$UWKXU)UHHG±\HDUV
5LFKDUG+XOVHU±\HDUV
'HEUD.DXIPDQ±\HDUV
'DYLG/DQH±\HDUV
5LFKDUG/HDF\±\HDUV
6KDURQ/LHEHUPDQ±\HDUV
$QLWD1HZHOO±\HDUV
:LOGD1HZPDQ±\HDUV
5RFFR3LFFLQLQR±\HDUV
$PDQGD3XWQDP±\HDUV
6X]DQQH6WDQHN±\HDUV
'DYLG6WHUQ±\HDUV
:HL:HL±\HDUV
&DWDORJLQJ/LDLVRQ6/$6FL7HFK'LYLVLRQ
6XPPDU\RI<HDU¶V(YHQWVIRU6FL7HFK'L
YLVLRQ%RDUGRI'LUHFWRUVPHHWLQJ
7KHD$OOHQFRQWLQXHVWRVHUYHDVWKH&DWDORJ
LQJ/LDLVRQIRUWKH6FL7HFK'LYLVLRQ$Q\QHZV
SHUWDLQLQJ WR LQIRUPDWLRQ DERXW FDWDORJLQJ
5'$)5%5RURWKHULWHPVUHODWHGWRFDWDORJ
LQJDUHVHQWRXWWRWKHPHPEHUVRIWKH6FL7HFK
'LYLVLRQ¶VOLVWVHUY
6/$ 6FL7HFK 'LYLVLRQ 0HPEHUVKLS &RP
PLWWHH5HSRUW
-XO\
-XQH  GDWD IURP 0HPEHUVKLS RI¿FH OLVWV
'67DVKDYLQJPHPEHUV&RPSDUHWRSUH
YLRXV\HDUV
 0D\
 -XQH
 -XQH
 -XQH
 -XQH
 -XQH
'DWDIURP-XQH0HPEHUVKLS&RPPLWWHH
UHSRUW
1HZPHPEHUVZHOFRPHG-XQH0D\

1HZPHPEHUVZHOFRPHG-XO\$SULO
FRPSDUHWRIURPWR
1HZFRPHUVOXQFK
:HKDYHDIXOOHYHQWRISHRSOHDQGWKRVHRI
RXUDZDUGZLQQHUVZKRFDQDWWHQGZLOOEHDW
WHQGLQJ(YHQWLVSODQQHGIRU-LPP\*UHHQ¶VDW
6RXWK6WDWH6WUHHW&KLFDJR,/
2QJRLQJLQLWLDWLYHV
 4XDUWHUO\OLVWVRIQHZPHPEHUV
SXEOLVKHGLQ6FL7HFK1HZVEHJLQQLQJ
ZLWKWKH)DOOLVVXH
 (QKDQFHGIROORZXSZLWKODSVHG
PHPEHUVSURYLGLQJRSSRUWXQLW\IRU
DQRQ\PRXVIHHGEDFNRQZK\PHPEHUV
OHIWDQGZKDWZHFDQGREHWWHU²QRQHZ
GDWD
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 6FL7HFK1HZV
 *RRJOHPDSVUHSUHVHQWDWLRQRI
ORFDWLRQVFLW\DQGFRXQWU\RIRXU
PHPEHUVKLSVHHZLNLIRUPRUHLQIR
1HZLQLWLDWLYHVXQGHUZD\
 &ROODERUDWLQJZLWK3XEOLF5HODWLRQV
FRPPLWWHHRQZULWLQJDVHULHVRI
0\VWHU\0HPEHUSUR¿OHVRQWKH
OLVWVHUY²SODQQLQJIRUQH[WSUR¿OHZLOO
KDSSHQVRRQ
 &ROODERUDWLQJZLWK3XEOLF5HODWLRQV
FRPPLWWHHRQRWKHUHYHQWVSURJUDPV
7%'
 &ROODERUDWLQJZLWK6WXGHQW5HODWLRQV
&RPPLWWHHRQH[LVWLQJDQGQHZ
RXWUHDFKSURMHFWV
5HVSHFWIXOO\VXEPLWWHG
6DUDK2HONHUVRHONHU#PWKRO\RNHHGX0HP
EHUVKLS&KDLU
*RYHUQPHQW5HODWLRQV5HSRUW
7KH*RYHUQPHQW5HODWLRQV&RPPLWWHHKDVEHHQ
PRQLWRULQJ WKH3XEOLF 3ROLF\'LVFXVVLRQ*URXS
DQG WKH $VVRFLDWLRQ RI 5HVHDUFK /LEUDULHV ,Q
ÀXHQFLQJ3XEOLF3ROLFLHV7RSLFVRI LQWHUHVWDUH
GLVWULEXWHG WR 6FL7HFK 'LYLVLRQ PHPEHUV YLD
WKHOLVWVHUYH
7KDWLVP\YHU\EULHIUHSRUW,ZLOOQRWEHDEOHWR
DWWHQGWKHDQQXDOFRQIHUHQFHWKLV\HDU
5HJDUGV
.DUHQ%X[WRQ
6/$ 6FL7HFK 'LYLVLRQ *RYHUQPHQW 5HODWLRQV
&RPPLWWHH
3DFL¿F1RUWKZHVW1DWLRQDO/DERUDWRU\
%DWWHOOH%RXOHYDUG
32%R[06,1.
5LFKODQG:$86$
7HO
)D[
NDUHQEX[WRQ#SQQOJRY
KWWSZZZSQQOJRY
3XEOLF5HODWLRQV&RPPLWWHH5HSRUW
7KLV\HDUWKH35FRPPLWWHHUHIRFXVHGLWVHIIRUWV
WRDLGLQJVFLWHFK OLEUDULDQVZLWKWKHLU LQWHUDF
WLRQVZLWKDEURDGUDQJHRIGLIIHUHQWSXEOLFV
2XUOLVWLQJRILQQRYDWLYHDQGXQXVXDOVFLWHFK
OLEUDULDQOHGSURMHFWV FDQEHVHHQRQ WKH6FL
7HFKZHEVLWH,W OLVWVPDQ\H[DPSOHVRIQRYHO
ZD\VWRLPSURYHUHODWLRQVZLWKGLIIHUHQWJURXSV
DFURVVFDPSXVWKDWRWKHUVPD\ZLVK WRHPX
ODWH,WDOVRLQFOXGHVDVXJJHVWLRQIRUH[SODLQLQJ
HDFKSURMHFWWRDGPLQLVWUDWLRQWRKLJKOLJKWWKH
YLWDODQGLQQRYDWLYHQDWXUHRIVFLWHFKOLEUDULDQ
VKLSLQWKHPRGHUQDJH
$OVRDYDLODEOHRQWKH6FL7HFKZHEVLWHLVDEULHI
JXLGH WRRSHQDFFHVV IRU IDFXOW\DGRFXPHQW
WKDWJLYHVWKHVFLWHFKOLEUDULDQSHUVSHFWLYHWR
KHOSWKHPXQGHUVWDQGWKHLUSXEOLVKLQJRSWLRQV
$WKLUGSURMHFWDOVRRQWKHZHEVLWHLVDOLVWVRI
UHOLDEOHVFLHQFHQHZVSRGFDVWVHDFKZLWKDUH
YLHZGHWDLOLQJWKHLUVWUHQJWKVDQGZHDNQHVVHV
$FRPSDQLRQOLVWRIUHOLDEOHVFLHQFHQHZVZHE
VLWHVLVQRWTXLWHUHDG\IRULWVXQYHLOLQJ:KHQ
FRPSOHWHLWLVKRSHGWKDWWKHVHOLVWVZLOOVHUYH
DVDXVHIXOJXLGHIRUIDFXOW\PHPEHUVZKRZLVK
WRLQFOXGHFXUUHQWVFLHQWL¿FHYHQWVLQWKHLUFXU
ULFXOXPDQGIRUVWXGHQWVVHHNLQJDLGLQ¿QGLQJ
HVVD\WRSLFVZKR ODFNWKHVFLHQFH LQIRUPDWLRQ
HYDOXDWLRQVNLOOVZHKDYHGHYHORSHGDVVFLWHFK
OLEUDULDQV
2WKHUSURMHFWV LQHDUO\VWDJHV LQFOXGHDJXLGH
WR VXFFHHGLQJ LQ VFLHQFH OLEUDULDQVKLSZLWKRXW
D VFLHQFH EDFNJURXQG ZLWK SDUWLFXODU IRFXV
RQ WKH WULFN\ LVVXH RI UHODWLQJ WR VFLHQFH IDF
XOW\7KLVPD\EHEHVWGRQHLQWKHIRUPRID
URXQGWDEOH GLVFXVVLRQ DW 6/$  D VFULSW
RUSRVVLEO\DSUHVHQWDWLRQIRUVFLHQFHOLEUDU
LDQVWRXVHWRWDONDERXWVFLHQFHLQIRUPDWLRQOLW
HUDF\DW6FLHQFH&DIHVDQGRWKHUSXEOLFVFLHQFH
OHFWXUHYHQXHVDQGDEHVWSUDFWLFHVGRFXPHQW
IRUGRLQJDVLPLODUVFLHQFHLQIROLWWDONIRUQRQ
VFLHQFHPDMRUFODVVHV
%LOO
:LOOLDP-DFREV
6FLHQFHDQG(QJLQHHULQJ/LEUDULDQ
8QLYHUVLW\RI0LDPL
ELOOMDF#PLDPLHGX
6FL7HFK1HZV
6FL7HFK 1HZV FRQWLQXHV WR SXEOLVK IRXU HOHF
WURQLFLVVXHVSHU\HDU
,Q $SULO $EE\ %HGIRUG $VVLVWDQW /LEUDULDQ DW
*UDQG9DOOH\6WDWH8QLYHUVLW\ZDVQDPHG$V
VLVWDQW(GLWRU
:HFRQWLQXHWRVROLFLWVXEPLVVLRQVIRUWKHSHHU
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UHYLHZHGVHFWLRQEXWKDYH\HWWRUHFHLYHDQ\
VXEPLVVLRQV  3OHDVH HQFRXUDJH IHOORZ PHP
EHUVRIWKHFRQWULEXWLQJGLYLVLRQVDQGVHFWLRQV
WRVXEPLWSDSHUVIRUWKLVVHFWLRQ
$IWHU UHFHLYLQJ WKH EDFN LVVXHV IURP 
WKURXJKODVWIDOODQGSURFXULQJLVVXHVIURP
DQGWKLVVSULQJ(GLWRU$EE\7KRUQH
KDVEHJXQ WKHSURFHVVRIGLJLWL]LQJ WKHDYDLO
DEOHEDFNLVVXHVDQGXSORDGLQJWKHPWRWKH6FL
7HFK1HZVZHEVLWH$WSUHVHQWWKHPRVWUHFHQW
WZR\HDUVRIEDFNLVVXHVDQGDUH
DYDLODEOH6KHKRSHVWRKDYHWKHUHPDLQLQJLV
VXHVXSORDGHGE\WKHHQGRIWKH\HDU
$EE\7KRUQH(GLWRU671
6WXGHQW 5HODWLRQV &RPPLWWHH 6/$ 6FL
7HFK'LYLVLRQ
6XPPDU\RI<HDU¶V(YHQWVIRU6FL7HFK'L
YLVLRQ%RDUGRI'LUHFWRUVPHHWLQJ
0HPEHUVKLS
7KH6WXGHQW5HODWLRQV&RPPLWWHHKDVKDGDQ
RWKHUJUHDW\HDU:HKDGWKUHHUHWXUQLQJPHP
EHUVLQFOXGLQJP\VHOI6DUDK2HONHUDQG%HFN\
0LOOHUDQGRQHQHZPHPEHU7LIIDQ\/RSH]
2QJRLQJ3URMHFWV
:H KDYH FRQWLQXHG WR ZRUN RQ SURPRWLRQDO
RXWUHDFKDFWLYLWLHVWR1RUWK$PHULFDQ/,6SUR
JUDPVSURPRWLQJDQGIXUWKHULQJWKH0HQWRULQJ
3URJUDP FRKRVWLQJ DQG FRRUGLQDWLQJ RQ WKH
1HZFRPHUV /XQFKHRQ SURPRWLQJ DQG DGYHU
WLVLQJWKH.LUN&DEHHQ6WXGHQW7UDYHO6WLSHQG
DQGDUHSODQQLQJRXUDQQXDOVWXGHQWPHPEHU
VKLSFRQWHVW
6/$$QQXDO&RQIHUHQFH%XGG\3URJUDP
:H GHFLGHG WR GR RXU %XGG\ 3URJUDP DJDLQ
WKLV\HDUDWWKH6/$$QQXDO&RQIHUHQFH%HFN\
0LOOHUWRRNWKHOHDGRQWKLVSURMHFW:HKDG
WRWDOYROXQWHHUVWRSDUWLFLSDWHZKLFKOHDGWR
%XGG\SDLUVEHLQJFRQQHFWHG:HSODQWRIROORZ
XSZLWKWKHPDIWHUWKH&RQIHUHQFHWRFKHFNLQ
DQGVHHKRZWKLQJVZHQW
0HQWRULQJ3URJUDP
7KH0HQWRULQJ3URJUDPLVVWLOORQJRLQJ,WKDV
VORZHGGRZQ LQ WKHSDVW IHZ\HDUV :HFRQ
WLQXH WR WU\ WR SURPRWH LW RQ RXU OLVWVHUY LQ
DQHPDLO WRQHZPHPEHUV LQ6FL7HFK1HZV
DQGRQ7ZLWWHUTXDUWHUO\LISRVVLEOH6LQFHODVW
\HDU¶V$QQXDOPHHWLQJZHKDYHVHWXSPHQ
WHHVZLWKPHQWRUV:HKRSHWRFRQWLQXHSUR
PRWLQJWKLVSURJUDPDQGKRSHIXOO\JHQHUDWLQJ
PRUHLQWHUHVW
6WXGHQW0HPEHUVKLS&RQWHVW
:H DUH ORRNLQJ DW SRWHQWLDOO\ UHYDPSLQJ WKH
6WXGHQW0HPEHUVKLS FRQWHVW WKLV \HDUZLWK D
GLIIHUHQWFRQWHVWSURPSW:HQRUPDOO\DVNIRU
QHZ LGHDV IURP VWXGHQWV ZLWK LGHDV RQ KRZ
EHVW 6FL7HFK FRXOG KHOS RU SURPRWH LWVHOI WR
VWXGHQWVPRUH:HORYHWKHLGHDVZHJHWDQG
ZH WU\ WR LPSOHPHQW WKHPHDFK \HDU EXWZH
KDYHIRXQGWKDWLWLVVRPHWLPHVLPSRVVLEOHIRU
XVWRLPSOHPHQWRUWU\DOORUDQ\RIWKHPGXH
WRRXUDOUHDG\EXV\ZRUNVFKHGXOHV:HZLOOEH
KROGLQJWKHFRQWHVWODWHULQWKH)DOO
5HVXPH5HYLHZ
8QIRUWXQDWHO\ZHZHUHXQDEOHWRODXQFKWKH5H
VXPH5HYLHZSURJUDPODVW\HDUGXHWRGLIIHUHQW
LVVXHVEXWLWLVVWLOODSULRULW\DQGZHKRSHWREH
DEOHWRPRYHIRUZDUGZLWKLWLQWKHIXWXUH
:HZHOFRPHDOOVXJJHVWLRQVDQGLGHDVDVZHOO
DV QHZ PHPEHUV WR RXU &RPPLWWHH  3OHDVH
FRQWDFW 7KHD $OOHQ DW WKHDDOOHQ#JPDLOFRP

$/$/LDLVRQ5HSRUW
/LDLVRQ5HSRUW RIPDMRU SURJUDPV DW WKH 6FL
HQFH	7HFKQRORJ\6HFWLRQRI$/$$QQXDO&RQ
IHUHQFH$QDKHLP&$-XQH
1RWH$WWHQGDQFHZDVPRUHSHRSOHWKDQDW
WHQGHG$/$1HZ2UOHDQVLQ±
7KH676$QDKHLPSURJUDPIROORZVWKHVFKHG
XOHDQGQRWHVFUHDWHGE\3HWHU/DUVHQDQG0D
ULEHWK6OHERGQLNUHVSHFWLYHO\
6DWXUGD\-XQH
7KH 5ROH RI 0HWDGDWD 6WDQGDUGV LQ 6FLHQWL¿F
'DWD 3XEOLVKLQJ 3DUW ,, FRQWLQXHG IURP0LG
ZLQWHU(QKDQFLQJDFFHVVWRVFLHQWL¿FGDWDVHWV
KDVEHFRPHDPDMRUJRDORIUHVHDUFKIXQGLQJ
HIIRUWV8QOHVVEHWWHUFDUHLVWDNHQWRVWDQGDUG
L]HWKHPHWDGDWDDQGWHFKQLFDOGHVFULSWRUVXVHG
WRPDNHWKHPGLVFRYHUDEOHWKHUHLVDFRQFHUQ
WKDWWKHVHGDWDVHWVPLJKWGLVDSSHDUZLWKLQWKH
FRUSXVRI³JUH\OLWHUDWXUH´
1,+ 3XEOLF $FFHVV 3ROLF\ DQG WKH /LEUDU\
8VH 'HYHORSPHQW DQG 5DPL¿FDWLRQV
7KLVSDQHOH[SORUHGWKHGLYHUVHUROHVRIOLEUDU
27
et al.: Full Issue: vol. 66, no. 3
Published by Jefferson Digital Commons, 2012
 6FL7HFK1HZV
LDQV LQ VXSSRUWLQJ WKH1,+ 3XEOLF $FFHVV 3RO
LF\  3DUWLFLSDQWV UHYLHZHG WKH 1,+3$ SROLF\
3XE0HG&HQWUDOVXEPLVVLRQVDQGELEOLRJUDSKLF
PDQDJHPHQW WRROV GHYHORSHG WR KHOS LGHQWLI\
DUWLFOHV UHTXLULQJ 30& VXEPLVVLRQ 7KH\ DOVR
GLVFXVVHGWKHEHQH¿WVRIWKLVGUDPDWLFLQFUHDVH
LQ30&¶VIUHHO\DYDLODEOHKHDOWKVFLHQFHDUWLFOHV
WRUHVHDUFKHUVDQGOLEUDULHVVLQFHDORQJ
VLGHFRXQWHUDWWHPSWVE\RSSRQHQWVKRSLQJWR
GHUDLOWKH1,+3XEOLF$FFHVV3ROLF\
7DNLQJ,QVWUXFWLRQWRWKH1H[W/HYHO&UHDWLQJ
(YDOXDWLRQVWR$VVHVV6WXGHQW/HDUQLQJ2QOLQH
7KLVSURJUDPSURYLGHGSDUWLFLSDQWVZLWKDEULHI
EDFNJURXQGLQDVVHVVPHQWPHWKRGVDVZHOODV
H[DPSOHV RI DVVHVVPHQWV XVHG VSHFL¿FDOO\ WR
HYDOXDWHRQOLQHOHDUQLQJWRROVVXFKDVWXWRULDOV
FRXUVH JXLGHV FRXUVH PDQDJHPHQW V\VWHPV
HWF 3DUWLFLSDQWV OHDUQHG KRZ WR FUHDWH HIIHF
WLYH DVVHVVPHQWV WDLORUHG WR WKHLU QHHGV DQG
H[DPSOHVRIDVVHVVPHQWVXVHGDWVHYHUDOLQVWL
WXWLRQVWRHYDOXDWHYDULRXVRQOLQHOHDUQLQJWRROV
ZHUHVKDUHG
3XEOLVKLQJ8QGHUJUDGXDWH5HVHDUFK5HVRXUFHV
DQG ,QQRYDWLRQV IURP WKH /LEUDU\  7KLV VHV
VLRQ ZDV D GLVFXVVLRQ ZKLFK DGGUHVVHG KRZ
VFLHQFHOLEUDULDQVFRXOGHQFRXUDJHXQGHUJUDGX
DWHVWRSXEOLVKDQGZKDWNLQGRIVXSSRUWFRXOG
EHRIIHUHGIRUFRQGXFWLQJUHVHDUFKZULWLQJDQG
UHYLVLQJ/LEUDULHVFRXOGKRVWFRQWHVWRUVPDOO
FRQIHUHQFHVRUSDQHOVDZDUGSUL]HVDQGSXEOL
FL]HDFKLHYHPHQWV
)HGHUDO 6FLHQFH $JHQF\ 8SGDWH  7KH ODWHVW
SURGXFWV DQG VHUYLFHV IURP1$6$ 17,6 DQG
'2(ZHUHSUHVHQWHG
6XQGD\-XQH
&KDQJLQJ5ROHV IRU6FL7HFK/LDLVRQ/LEUDULDQV
LQ5HVHDUFK2XWUHDFK	,QVWUXFWLRQ6FLHQFH
	 HQJLQHHULQJ VXEMHFW VSHFLDOLVWVOLDLVRQV DUH
HQFRXQWHULQJ GUDPDWLF VKLIWV LQ WHUPV RI DV
VLJQHGGXWLHV DQG UROHV DQG LQ WHUPVRI QHZ
H[SHFWDWLRQVLQWKHH[HFXWLRQRIWKHµWUDGLWLRQDO¶
OLDLVRQUROHV5HVXOWVRIVXUYH\VZHUHUHSRUW
HGRQHFRQGXFWHGE\WKH6XEMHFW/LEUDULDQ7DVN
)RUFH LQ  WR GHWHUPLQH VFRSH RI FXUUHQW
DQGIXWXUHOLDLVRQZRUNDQGRQHFRQGXFWHGE\
WKH$&5/,QIRUPDWLRQ/LWHUDF\6WDQGDUGV7DVN
)RUFHWRDVFHUWDLQWKHIXWXUHRIOLEUDU\LQVWUXF
WLRQ
5HVHDUFK )RUXP LQ ZKLFK  LQSURJUHVV UH
VHDUFKSDSHUVZHUHSUHVHQWHGDQGHYDOXDWHG
 ³$*DPH7KHRUHWLFDO([SORUDWLRQRI
2SHQ'DWDDQG2SHQ6FLHQFH´
 ³([SORULQJWKH9LDELOLW\RI*RRJOH
$G:RUGVDVDQDGMXQFW'LVFRYHU\
/D\HUIRUWKH6FLHQFHDQG(QJLQHHULQJ
/LEUDU\´
 ³3RVLWLRQLQJ/LEUDULDQVDV/HDGHUVLQ
(6FLHQFHDQG'DWD0DQDJHPHQWRQ
&DPSXV´
'DWD&XUDWLRQ DV D )RUPRI&ROODERUDWLYH5H
VHDUFK'DWDFXUDWLRQLQYROYHVPDQDJLQJGLJL
WDOUHVHDUFKGDWDWRIDFLOLWDWHDFFHVVGLVVHPL
QDWLRQDQGSUHVHUYDWLRQRILQIRUPDWLRQFRQWHQW
DQG FRQWH[W /LEUDULDQV FDQ HQJDJHZLWK DFD
GHPLF UHVHDUFKHUV LQ RUJDQL]LQJ GHVFULELQJ
DQG SUHVHUYLQJ UHVHDUFK GDWD IURP EHJLQQLQJ
WR HQG RI D SURMHFW 7KLV SURJUDP H[DPLQHV
GDWDFXUDWLRQUHVHDUFKRSSRUWXQLWLHVIRUOLEUDU
LDQVLQFOXGLQJWKHVNLOOVDQGNQRZOHGJHQHHGHG
IRU HIIHFWLYH GDWD FXUDWLRQ FROODERUDWLYH UH
ODWLRQVKLSV EHWZHHQ OLEUDULDQV DQG DFDGHPLF
UHVHDUFKHUVDQGDSSURDFKHV WRGDWDFXUDWLRQ
ZLWKLQ WKH VFLHQFHV VRFLDO VFLHQFHV DQG KX
PDQLWLHV
1XWV DQG %ROWV RI 0DS 6FDQQLQJ 6FDQQLQJ
PDSVDQGPDNLQJWKHPDYDLODEOHRQOLQHSUHV
HQWVPDQ\ FKDOOHQJHV IRU OLEUDULHV DQG OLEUDU
LDQV$SDQHORIH[SHUWVZLOOGLVFXVVWKHGHWDLOV
XQLTXH WR VFDQQLQJ PDSV LQFOXGLQJ SURMHFW
SODQQLQJDQGFRVWVWRROVDQGHTXLSPHQWVFDQ
QLQJ DQG PHWDGDWD VWDQGDUGV DFFHVV VWUDWH
JLHVFRS\ULJKWLVVXHVDQGPRUH
0RQGD\-XQH
3UHSDULQJ7RPRUURZ¶V6FLHQFH3URIHVVLRQDOV
7KLVSURJUDPDLPHGDWHVWDEOLVKLQJDGLDORJXH
DPRQJVFLHQFH	WHFKQRORJ\OLEUDULDQVIDFXOW\
DQGVWXGHQWVIRFXVLQJRQWKHLVVXHRISUHSDU
LQJWRGD\¶VVWXGHQWVWREHFRPHWRPRUURZ¶VVFL
HQFHSURIHVVLRQDOV7KHSDQHORIOLEUDULDQVDQG
IDFXOW\PHPEHUVH[SORUHGWKHFKDOOHQJHVSUR
IHVVRUV IDFH DV WKH\ VHHN WR HGXFDWH HPHUJ
LQJVFLHQWLVWVQHZRXWUHDFKPRGHOVIRUZRUNLQJ
ZLWK IDFXOW\ RQ FUHDWLQJ LQIRUPDWLRQDQGGDWD
OLWHUDWH UHVHDUFKHUV DQG WKH ZD\V OLEUDULDQV
FDQZRUNZLWKVFLHQFHVWXGHQWVWRVXSSRUWWKHLU
JRDOVRIEHFRPLQJVFLHQFHSURIHVVLRQDOV 7KH
SUHVHQWDWLRQVZHUH H[FHOOHQW LOOXVWUDWLQJ KLJK
OHYHOHQJDJHPHQWZLWKIDFXOW\DQGVWXGHQWVLQ
WKHLUUHVSHFWLYHXQLYHUVLWLHV'U%LOO7RPOLQVRQ
,QIRUPDWLFVDW8&,UYLQH-LP&ODUN(QJLQHHU
LQJ/LEUDULDQDW0LDPL8QLY-RQ-HIIU\HV(QJL
QHHULQJ/LEUDULDQDW8QLYRI0LQQHVRWD%DUED
UD0DF$OSLQH6FLHQFH/LEUDULDQDW7ULQLW\8QLY
DQG'U-RKQ5RVVL3URI0RO	&HOO%LRORJ\DQG
'HDQ&LW\RI+RSH
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3RVWHU6HVVLRQDQG5HFHSWLRQ
(OHYHQSRVWHUVRQUHVHDUFKWRSLFVDOVRUHODWHG
WR ³3UHSDULQJ 7RPRUURZ¶V 6FLHQFH 3URIHVVLRQ
DOV´
<RXFDQDFFHVVD3')YHUVLRQRIWKH676
3URJUDPEURFKXUHDWWKHIROORZLQJ85/KWWS
WLQ\XUOFRP676SURJUDP IURP (GZDUG
(FNHO,,,
+HUHLVDVDPSOHIURPWKHVHVVLRQ
³6XSSRUWLQJ WKH 6FLHQFHV :LWKRXW D 6FLHQFH
%DFNJURXQG´WKHSRVWHUE\.LPEHUO\%DLOH\
KDQROG#SLWWHGX

3XEOLF3RVWVIURP$/$&RQQHFW
 676&ROOHJH6FLHQFH/LEUDULDQV
'LVFXVVLRQ*URXS-XQH
6XPPDU\
 6766WUDWHJLF3ODQ$&5/3ODQIRU
([FHOOHQFHUHSRUW
 $$$6/LDLVRQ5HSRUW
 676&RQWLQXLQJ(GXFDWLRQ&RPPLWWHH
$QQXDO0HHWLQJ$JHQGD
 5HVHDUFK)RUXPIRU6FLHQFH	
7HFKQRORJ\/LEUDU\5HVHDUFK
 3URJUDP3RVWHU6HVVLRQ$&5/676
 )HGHUDO6FLHQFH$JHQF\8SGDWH
 $OO7DVN)RUFHV0HHWLQJ$&5/676
 7DNLQJ,QVWUXFWLRQWRWKH1H[W/HYHO
&UHDWLQJ(YDOXDWLRQVWR$VVHVV6WXGHQW
/HDUQLQJ2QOLQH
 $OO6760HPEHU0HHWLQJ	%UHDNIDVW
$&5/676
7KHVHOLQNVDQGPRUHLQIRUPDWLRQFDQEHIRXQG
DWKWWSFRQQHFWDODRUJDFUOBVWVRU
KWWSZZZDODRUJDFUODERXWDFUOGLUHFWRU\R
ÀHDGHUVKLSVHFWLRQVVWVDFUVWVHF
7KH&ROOHJH6FLHQFH/LEUDULDQVKDGD FUHDWLYH
GLVFXVVLRQ DERXW SURMHFWV JHDUHG WR XQGHU
JUDGXDWHVWKDWPRWLYDWHGDQGKHOSHGWKHPWR
FRPPXQLFDWH E\ SXEOLVKLQJ  7KHLU LGHDV DQG
H[DPSOHV LQFOXGH XQGHUJUDGXDWH VFLHQFH 	
WHFKQRORJ\ MRXUQDOV SRZHU SRLQW WXWRULDOV RQ
DVVHPEOLQJ SRVWHUV SUDFWLFH LQ JUDQWZULWLQJ
OLEUDU\ DZDUGV V\PSRVLXP SDUWLFLSDWLRQ DQG
SURGXFWLRQRIDERRNZLWKDQKRQRUVFODVV
7KH 6WUDWHJLF 3ODQ IRU 676 KDV WKUHH PDMRU
SDUWV
 9DOXHRI$FDGHPLF/LEUDULHV
 6WXGHQW/HDUQLQJ
 5HVHDUFKDQG6FKRODUO\(QYLURQPHQW
1RWHVIURPWKHIXOOUHSRUW6766WUDWHJLF3ODQ
5HSRUWGRF
7KH ¿UVW GHDOV ZLWK HVWDEOLVKLQJ DQG SURYLQJ
WKHYDOXHRIDFDGHPLFOLEUDULHVE\FRXSOLQJWKHLU
FRQWULEXWLRQVZLWKJRRGLQVWLWXWLRQDORXWFRPHV
7KH 676 TXDUWHUO\ MRXUQDO ,VVXHV LQ 6FLHQFH
DQG7HFKQRORJ\/LEUDULDQVKLS ,67/ FRPPX
QLFDWHVVFKRODUO\ZRUNLQVFLHQFHOLEUDULDQVKLS
%HVLGHV HPSKDVL]LQJ ³OLEUDULHV DV SDUWQHUV LQ
UHVHDUFK ´DFFHVVLELOLW\RILQIRUPDWLRQDQGGDWD
HVSHFLDOO\RSHQDFFHVVLVDQLPSRUWDQWFRQFHUQ
2WKHU FRQFHUQV DUH GDWD PDQDJHPHQW SODQV
HERRNGLVFRYHU\V\VWHPVDQGDOO\LQJDFDGHPLF
OLEUDULDQVKLSZLWKWKRVHWRXWLQJWKHLPSRUWDQFH
RIKLJKHUHGXFDWLRQ7KHUHLVDFRQWLQXLQJQHHG
WRGHYHORSUHVSRQVLYHSURIHVVLRQDOHGXFDWLRQDO
RSSRUWXQLWLHVIRUOLEUDULDQVDQGHVSHFLDOO\SUR
JUDPVIRUOHDGHUVKLSVNLOOV
7R UHDFK WKH VHFRQG JRDO WKH PRUH FUHDWLY
LW\ HPSOR\HG LQ GHVLJQLQJ QHZHQYLURQPHQWV
WKH EHWWHU WR HQJDJH VWXGHQW OHDUQLQJ   7KH
HPSKDVLVLVRQFUHDWLQJQHZOHDUQLQJHQYLURQ
PHQWVERWKSK\VLFDODQGYLUWXDOQHZHYDOXD
WLRQ WRROV IRU WKH HIIHFWLYHQHVV RI LQIRUPDWLRQ
OLWHUDF\SODQVSURJUDPVDQGEXLOGLQJFROODERU
DWLYHSURJUDPVDQGSDUWQHUVKLSZLWKRWKHURU
JDQL]DWLRQV7KHUHDUHHIIRUWVWR³EXLOGFDSDF
LW\IRUWKHOLEUDULDQV¶UROHLQVXSSRUWLQJIDFXOW\
GHYHORSPHQWDQG WKHSUHSDUDWLRQRIJUDGXDWH
VWXGHQWVDVLQVWUXFWRUV³
7RSURPRWH UHVHDUFKDQGDVFKRODUO\HQYLURQ
PHQW VKDULQJ FRQIHUHQFH UHSRUWV YLD ZHEL
QDUVLVEHLQJGHYHORSHG,VVXHVLQ6FLHQFHDQG
7HFKQRORJ\/LEUDULDQVKLSLV676¶RSHQ±DFFHVV
MRXUQDO
7KHUH LV SURPRWLRQ RI LQWHUHVW LQ RSHQ GLJLWDO
VFKRODUVKLSDQGWKHFXUDWLRQRIUHVHDUFKGDWD
676ZLOOWU\WRLQÀXHQFHPRUHRSHQSXEOLVKLQJ
SROLFLHVDQGSUDFWLFHVDQGSHUKDSVFUHDWHDQG
SURPRWHQHZVWUXFWXUHVWKDWUHZDUGDQGGHP
RQVWUDWH WKH YDOXH RI RSHQ VFKRODUVKLS  7KH
6766FKRODUO\&RPPXQLFDWLRQV&RPPLWWHHKDV
EHHQIRUPHGWRSURPRWHWKHVHJRDOV7KH676
&RQWLQXLQJ (GXFDWLRQ &RPPLWWHH LV DOVR LQ
YROYHG LQVLPLODU LVVXHVSOXVGDWD OLWHUDF\DQG
GLJLWDOFROOHFWLRQV
'HYHORSPHQWRIPHWDGDWDZDVDGGUHVVHGLQD
SDUWFRQIHUHQFH³7KH5ROHRI0HWDGDWD6WDQ
GDUGVLQ6FLHQWL¿F3XEOLVKLQJ´ 
)URPWKH3UHVLGHQW¶V0HVVDJHRQSDJHLQWKH
-XO\$XJXVWLVVXHRI$PHULFDQ/LEUDULHV
29
et al.: Full Issue: vol. 66, no. 3
Published by Jefferson Digital Commons, 2012
 6FL7HFK1HZV
0DXUHHQ6XOOLYDQTXRWHVWKH$/$VWUDWH
JLFSODQ¶VIUDPHZRUNDVEHLQJ³DZRUOGZKHUH
OLEUDULHVERWKSK\VLFDODQGYLUWXDODUHFHQWUDO
WR OLIHORQJ GLVFRYHU\ DQG OHDUQLQJ DQG ZKHUH
HYHU\RQH LV D OLEUDU\ XVHU ´  IURP0ROO\ 5D
SKDHORXWJRLQJSUHVLGHQW
$$$6±7KH$PHULFDQ$VVRFLDWLRQ IRU WKH$G
YDQFHPHQWRI6FLHQFH±$/$/LDLVRQ
$OLVRQ5LFNHUDWWHQGHGDQGZURWHWKH$$$6/L
DLVRQUHSRUWIRU)ODWWHQLQJWKH:RUOG%XLOGLQJ
D*OREDO.QRZOHGJH6RFLHW\WKHWKHPHRIWKH
$$$6 $QQXDO 0HHWLQJ KHOG )HEUXDU\ 
LQ9DQFRXYHU%&*RRGGLVFXVVLRQZDV
JHQHUDWHGDWD/LEUDULDQV¶&DXFXVRQLPSURYLQJ
VFLHQFH LQIRUPDWLRQ OLWHUDF\ E\ SUHVHQWDWLRQV
RQFROODERUDWLRQVDPRQJZULWHUVIDFXOW\DQGOL
EUDULDQV7KHOLEUDULDQVDW$$$6DUHLQFOXGHGLQ
WKH,QIRUPDWLRQ&RPSXWLQJDQG&RPPXQLFD
WLRQ6HFWLRQ7$OLVRQDQGFROOHDJXHV¶SRVWHU
ZDVDFFHSWHGDQGFDQEHIRXQGKHUH)DFXOW\
/LEUDULDQDQG6WXGHQW&ROODERUDWLRQ(QKDQFLQJ
6FLHQFH7HDFKLQJZLWK'LJLWDO&ROOHFWLRQVKWWS
VOLGHVKDUH1\5)\.3DUWRIKHUUHVSRQVLELOLW\
ZDVWRSURPRWHLQWHUHVWLQDWWHQGLQJWKH$$$6
0HHWLQJZLWKIUHHUHJLVWUDWLRQ
)URPP\/RXLVH'HLVQRWHV
0RVW RI WKH VHVVLRQV UHDOO\ ZHUH SHUWLQHQW WR
DFDGHPLFOLEUDULDQVDQGSUREDEO\WKHRYHUULG
LQJWKHPHIRUDOORIXVLQ6/$DQG$/$LVNHHSLQJ
RXUVHOYHV XVHIXO UHOHYDQW DQG LQGLVSHQVLEOH
7KHUHZHUH H[FHOOHQW SUHVHQWDWLRQV E\*HUDOG
6WHHPDQ 1$6$ :D\QH 6WULFNODQG 17,6
DQG7LP%\UQH'2(UHOHYDQWWRDOO6FLHQFH
JRYLVXSWRGDWDEDVHVDQGZHEVLWHV
*UHDWVWULGHVDUHEHLQJPDGHLQGLJLWL]DWLRQ
'DWD  LWV PDQDJHPHQW FXUDWLRQ DQG YLVX
DOL]DWLRQ ± DUH H[FLWLQJ DQG LPSRUWDQW WRSLFV
³'DWDGHOXJH´ZDVFRLQHGE\7RQ\+H\&KHFN
RXW7KH)RXUWK3DUDGLJP'DWD,QWHQVLYH6FL
HQWL¿F'LVFRYHU\KHUHKWWSUHVHDUFKPLFUR
VRIWFRPHQXVFROODERUDWLRQIRXUWKSDUDGLJP
GHIDXOWDVS[   6RPH RSHQ GDWD VWRUDJH DQG
PDQDJHPHQW SURMHFWV DUH  +DUYDUG¶V 'DWD
YHUVH2[IRUG¶V'DWDÀRZDQG'XUDFORXG
, OHDUQHG DERXW ZZZZRUOGZLGHWHOHVFRSHRUJ
DQG /D\HUVFDSH LWV GHULYDWLYH ZKLFK KDV DO
ORZHG IRU WKH YLVXDOL]DWLRQ DQG PDQDJHPHQW
RIGDWD LQ WKH IROORZLQJDUHDV  JHRVFLHQFHV
FOLPDWRORJ\DVWURQRP\RFHDQRJUDSK\DQGOLIH
VFLHQFHV&KURQR]RRPFRQFHLYHGE\%LOO*DWHV
DQG'DYLG&KULVWLDQGHSLFWVWKHKLVWRU\RIWKH
XQLYHUVHIURPWKH%LJ%DQJWKURXJKKXPDQKLV
WRU\WKH%LJ+LVWRU\3URMHFWKWWSFKURQR
]RRPFORXGDSSQHWW
7KH VLJQL¿FDQFHRI&ORXG&RPSXWLQJ LV JURZ
LQJ  )UHG .LOJRXU KDV EHHQ FUHGLWHG ZLWK LWV
LQYHQWLRQ %DQNLQJ IRU H[DPSOH KDV EHHQ LQ
WKHFORXG IRUD ORQJWLPH 6RPHMRXUQDOVHU
YLFHV³ZRXOGEHLPSRVVLEOHZLWKRXWWKHFORXG ´
7KHFORXG OHQGV LWVHOI WR WKHFUHDWLQJRI ODUJH
SURMHFWV%HFDXVHRIXWLOL]LQJWKHFORXGPRUH
³FLWL]HQ ´ SDUWLFLSDWRU\ VFLHQFH LV WKHRUHWLFDOO\
SRVVLEOH
7KHPRVWIXQZDVDWWHQGLQJWKH¿QDOFRQFHUWRI
WKH5RFN%RWWRP5HPDLQGHUV,WZDVDEHQH¿W
IRUWKH6FKRODUVKLS)XQG7KHUHZHUHSRLJQDQW
PRPHQWVVLQFHWKH\¶GGHFLGHGWRGLVEDQGDIWHU
WKHUHFHQWGHDWKRIWKHLUIRXQGHUDQGPHPEHU
.DWKL.DPHQ*ROGPDUN2WKHUPHPEHUVRIWKH
JURXSZHUH'DYH%DUU\$P\7DQ5R\%ORXQW
-U6WHSKHQ.LQJDQG0DWW*URHQLQJRFFDVLRQ
DOO\ZHDULQJD0DUJH6LPSVRQPDVN(YHU\RQH
ZDVVLQJLQJDORQJ«DQGGDQFLQJDVVSDFHSHU
PLWWHG7KHUHDUHDIHZYLGHRVRQ<RX7XEHRI
WKHLUSHUIRUPDQFHVWDNHQDW$/$$QDKHLPDQG
RWKHUYHQXHV
$/$$QQXDO&RQIHUHQFH:UDS8S$PHU
LFDQ/LEUDULHV-XO\$XJXVWS$PHU
LFDQ/LEUDULHV0DJD]LQHRUJ
/RXLVH'HLV6/$$/$/LDLVRQ
30
Sci-Tech News, Vol. 66 [2012], Iss. 3, Art. 13
http://jdc.jefferson.edu/scitechnews/vol66/iss3/13
6FL7HFK1HZV
&KHPLVWU\'LYLVLRQ0DULH)UDWLHV%ORFN&KDLU
7KH&KHPLVWU\'LYLVLRQLVFRQFHUQHGZLWKFKHPLVWU\DQGFKHPLFDOWHFKQRORJ\DQGWKHHFRQRPLFVHGXFDWLRQDODGYDQFHV
DQGLQIRUPDWLRQKDQGOLQJRIGHYHORSPHQWVLQWKH¿HOGRIFKHPLVWU\DQGUHODWHGVXEMHFWV
WKLV \HDU 'HQLVH &DOOLKDQ
RUJDQL]HGDFRQIHUHQFHEXGG\SURJUDP7KRVH
RIXVZKRSDUWLFLSDWHGKDGIXQJHWWLQJWRNQRZ
D ¿UVWWLPHU  ,¶P ORRNLQJ IRUZDUG WRPHHWLQJ
DQRWKHUEXGG\LQ
$QG VSHDNLQJ RI 'HQLVH &DOOLKDQ DOO '&+(
PHPEHUV VKRXOG EH SURXG WKDW ZH KDYH D
5RVH9RUPHONHUDZDUGZLQQHU LQRXUGLYLVLRQ
7KLVDZDUGLVSUHVHQWHGWRDQ6/$PHPEHUIRU
EH\RQGH[FHSWLRQDOVHUYLFHVLQDUHDRIPHQWRULQJ
VWXGHQWVRUZRUNLQJSURIHVVLRQDOV'HQLVH,ZDV
H[FLWHGWRVHH\RXRQVWDJHUHFHLYLQJWKLVJUDQG
DZDUG<RX¶UHVXFKDQLQVSLUDWLRQWRDOORIXV
'&+( FHUWDLQO\ EHQH¿WV IURP \RXUPHQWRULQJ
ZRUN
2QHSHUVRQ,¶GOLNHWRLQWURGXFHWRDOOLV.ULVWLQ
%ULQH\ 3K'ZLQQHU RI WKH0DULRQ ( 6SDUNV
DZDUG  7KH 6SDUNV DZDUG LV SUHVHQWHG WR D
VWXGHQW RU QHZPHPEHU DQG LV LQWHQGHG WR
HQFRXUDJHWKHLUSDUWLFLSDWLRQLQ'&+(DFWLYLWLHV
.ULVWLQLVDUHFHQWJUDGXDWHRIWKH8QLYHUVLW\RI
:LVFRQVLQ±0DGLVRQDQGKDVDGHHS LQWHUHVW
LQ UHVHDUFKGDWDPDQDJHPHQW %HFDXVHGDWD
PDQDJHPHQWLVLPSRUWDQWWRFKHPLVWU\,¶PVXUH
ZHZLOOKHDUPXFKIURP'U%ULQH\LQWKHIXWXUH
2XUVLQFHUHWKDQNVJRWR$QGUHD7ZLVV%URRNV
DQGRWKHUPHPEHUVRIWKH8QLYHUVLW\RI&KLFDJR
7KH\ SURYLGHG DQ H[FHOOHQW WRXU RI WKH -RKQ
&UHUDU DQG 0DQVXHWR OLEUDULHV  7KH VSHFLDO
DWWUDFWLRQ WKDW HYHU\RQHZDV HDJHU WR VHH LQ
DFWLRQZDV WKH URERWLF UHWULHYDO V\VWHP 'XH
WR'HPDWLF 1RUWK $PHULFD¶V NLQG VSRQVRUVKLS
ZHZHUHDEOHWRGHVFHQG¿YHVWRULHVEHORZWKH
OLEUDU\VXUIDFHDQGYLHZWKHZRUNLQJVXSFORVH
:KDW D WUHDW  'XH WR WKLV WRXU RSSRUWXQLW\
'HPDWLFDVNHGPH WRSXW WKHP LQ WRXFKZLWK
6/$KHDGTXDUWHUVWKH\ZDQWWRH[KLELWDWQH[W
\HDU¶V$QQXDO&RQIHUHQFH
$QG ODVWO\ ,¶P HVSHFLDOO\ DSSUHFLDWLYH WR WKH
PHPEHUVZKR SDUWLFLSDWHG LQ WKH ¿QDOZUDS
XSVHVVLRQ,KRSHWKLVJDYHDORWRIIRGGHUWR
ERWK 6XVDQ DQG /XWL IRU SODQQLQJ QH[W \HDU¶V
FRQIHUHQFH  7KH\ DUH ZHOO RQ WKHLU ZD\ WR
1HZVIURPWKH&KHPLVWU\'LYLVLRQ
:RZ6/$KDVFRPHDQGJRQH,FDQ¶W
EHOLHYHZHPDGHLWWKURXJKWKHEOD]LQJKHDWWKH
0F&RUPLFNPD]H:KDWDFKDOOHQJH
:H UHFHLYHG JUHDW IHHGEDFN RQ WKH SURJUDPV
DORQJZLWKVRPHJRRGLGHDVIRUIXWXUHVHVVLRQV
0DQ\ '&+(PHPEHUV ZRUNHG KDUG RQ WKLV
FRQIHUHQFHDVFRSODQQHUVLQVWUXFWRUVVSHDNHUV
DQGPRGHUDWRUV,RZHDYHU\VSHFLDOWKDQNV
WR1RUDK;LDR IRUKHUDVVLVWDQFHDV WKH
FRSODQQHU$QGRIFRXUVHPDQ\WKDQNVWR%LOO
$UPVWURQJZKRSURYLGHGPXFKQHHGHGVXSSRUW
WRPH  6XVDQ0DUN >'&+(&KDLU HOHFW
DQG/XWL6DOLVEXU\>'&+(FRSODQQHU@JRW
WKHLUIHHWZHWE\DVVLVWLQJZLWKDORWRIWKHODVW
PLQXWHDFWLYLWLHV7HG%DOGZLQDV3URIHVVLRQDO
'HYHORSPHQW DOZD\V VFKHGXOHV LQIRUPDWLYH
DQGVXFFHVVIXO&(FRXUVHDQGWKLV\HDUZDVQR
H[FHSWLRQ 7KH LQVWUXFWRUV IRU WKLV\HDUZHUH
-XGLWK&XUUDQR6XH&DUGLQDO'DZQ)UHQFKDQG
'DYLG%DFLQRZKRWDXJKWWKUHHVHSDUDWHFRXUVHV
:HKDGJRRGDWWHQGDQFHDWDOOFRXUVHVDQGDUH
ORRNLQJ IRUZDUG WRDQRWKHUVHWRIRXWVWDQGLQJ
&(FRXUVHVLQ6DQ'LHJR
:H DOVRZLVK WR WKDQN RXU VSRQVRUVZLWKRXW
ZKRP WKH FRQIHUHQFHZRXOG QRW EH SRVVLEOH
:H YDOXH RXU SDUWQHUVKLS ZLWK WKHP ERWK
DW WKH HYHQW DQG WKURXJKRXW WKH \HDU ,W¶V
'&+(¶VPLVVLRQWRLPSURYHWKHSURGXFWLRQDQG
GLVVHPLQDWLRQRIFKHPLFDOLQIRUPDWLRQWKURXJK
VKDULQJ LGHDV SUREOHPV DQG VROXWLRQV :H
FRXOGQRWGR WKLVZLWKRXW WKHDVVLVWDQFH IURP
RXUVSRQVRUV2XUJHQHURXVVSRQVRUVIRUWKLV
\HDU¶VFRQIHUHQFHZHUH$&63XEOLFDWLRQV56&
3XEOLVKLQJ(OVHYLHU±5HD[\V*OREDO/DQJXDJH
7UDQVODWLRQVDQG&RQVXOWLQJ,QFDQG,+6
:KLOH , HQMR\HG FDWFKLQJ XSZLWK IULHQGV DQG
FROOHDJXHV , HVSHFLDOO\ OLNHG PHHWLQJ QHZ
&KHPLVWU\'LYLVLRQPHPEHUVDWRXU1HZFRPHU¶V
/XQFKHRQ:DVQ¶WLWIXQWRVKDUHWKHDEXQGDQFH
RIGHOLFLRXVWDSDVDW0HUFDWDOD3ODQ[D"0LQG\
3HWHUVLVRXUQHZO\DSSRLQWHG0HPEHUVKLSFKDLU
DQGZDVLQVWUXPHQWDOLQDUUDQJLQJWKLVVSHFLDO
DIWHUQRRQIRUXV£PXFKDVJUDFLDV0LQG\$JDLQ
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 6FL7HFK1HZV
RUJDQL]LQJDJUHDWFRQIHUHQFHEXW,¶PVXUHWKH\
DUHZLOOLQJWROLVWHQWR\RXUVXJJHVWLRQV
,¶PVXUH,¶YHRYHUORRNHGVRPHRQHWRWKDQNRU
VRPHWKLQJLPSRUWDQWWRUHSRUW±NHHSFKHFNLQJ
WKH'&+(ZHEVLWHIRUXSGDWHV7KHFRQIHUHQFH
ZRXOG QRW KDYH EHHQ VXFFHVVIXOZLWKRXW VXFK
JUHDWYROXQWHHUV
0DULH)UDLWHV%ORFN
&KDLU&KHPLVWU\'LYLVLRQ
PDULHIUDWLHVEORFN#EDVIFRP
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6FL7HFK1HZV
&KHPLVWU\'LYLVLRQ1HZ0HPEHUV
5HQDH%DOGRYVNL8QLWHG6WDWHV6WHHO&RUS
0XQKDOO3$
.ULVWLQ%ULQH\8QLYHUVLW\RI:LVFRQVLQ0DGLVRQ
0DGLVRQ:,
&DULVVD%URZQ0DU\.D\,QF
$GGLVRQ7;
7DOOLH&DVXFFL
3LWWVERUR1&
7UDFH\DQQ&UDZIRUG0LQLVWU\RIWKH(QYLURQPHQW
%UDPSWRQ21
&DURO'DUOLQJWRQ:H%X\%RRNV
+RSHODQG3$
6KDURQ)RJDUW\7HFKQLFDO/DQJXDJH6HUYLFHV,QF
/DV9HJDV19
*OHQQ*ODVEHUJ&UDLQ&RPPXQLFDWLRQV
$NURQ2+
6KX*XR&HQWUDO0LFKLJDQ8QLYHUVLW\
0W3OHDVDQW0,
-HVVLFD+DGOH\
5RVHOOH3DUN1-
-RKQ.URPHU0LDPL8QLYHUVLW\
2[IRUG2+
'DQLHOOH/HH0XPD
/RQGRQ21
$PDQGD6FKRHQ6KHUZLQ:LOOLDPV
0HQWRU2+
.DUHQ.UDV]QDYROJ\L34&RUSRUDWLRQ
&RQVKRKRFNHQ3$
-XOLD:HLVJUDP(FRODE
(DJDQ01
0DU\DQQ'HDQ&$6
&ROXPEXV2+
&KHULH7XUQHU
+RXVWRQ7;
1LFROH/XFH5L]]R-RKQ:LOH\	6RQV
+RERNHQ1-
&ODLUH6WRNHV0
6DLQW3DXO01
%DUEDUD%UDQG\V1,+
%HWKHVGD0'
7KH&KHPLVWU\'LYLVLRQZHOFRPHVLWVQHZPHPEHUV
0DQ\RI\RXMRLQHGXVDWWKH6/$$QQXDO&RQIHUHQFH	,QIR([SRLQ&KLFDJR,KRSH\RX
OHDUQHGDORWIURP\RXUFROOHDJXHV±DQG,KRSH\RXFRQWLQXHWROHDUQDORWIURP6/$LQWKHIXWXUH
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 6FL7HFK1HZV
1HZVIURPWKH(QJLQHHULQJ'LYLVLRQ
(QJLQHHULQJ'LYLVLRQ3DP(QULFL&KDLU
7KHREMHFWLYHVRIWKH(QJLQHHULQJ'LYLVLRQDUHWRSURYLGHDQDVVRFLDWLRQIRUWKRVHKDYLQJDQLQWHUHVWLQOLEUDU\DQGLQIRUPDWLRQ
VFLHQFHDVWKH\DSSO\WRHQJLQHHULQJDQGWKHSK\VLFDOVFLHQFHVDQGWRSURPRWHWKHXVHRIPDWHULDOVDQGNQRZOHGJHIRUWKH
EHQH¿WRIOLEUDULHVDQGRWKHUHGXFDWLRQDORUJDQL]DWLRQV
,ZDVJODGWRVHHVRPDQ\RI\RXDWWKH$QQXDO
&RQIHUHQFH:HKDGDOPRVWSHRSOHDWRXU
DQQXDOEXVLQHVVOXQFK,WKLQNWKDWPD\EHD
UHFRUGDW OHDVW IRU WKH ODVW IHZ\HDUV  ,I ,
GLGQ¶WVD\KL,¶PVD\LQJ LWQRZ)RUWKRVHRI
\RXZKR FRXOGQ¶W MRLQ XV WKLV \HDU WKHUH DUH
VRPHUHSRUWVLQWKLVLVVXHWKDWZLOOJLYH\RXD
VXPPDU\RIZKDWKDSSHQHG,UHDOO\ZDQWWR
WDNH WKLVRSSRUWXQLW\ WR WKDQNDJDLQ WKHSHR
SOHZKRPDGHRXUSURJUDPVSRVVLEOH.DWKU\Q
%UHLQLQJHU 6DEULQD 7DQQHQEDXP %HUW 6DXO
DQG 6XVDQ 0RUOH\ ,¶G DOVR OLNH WR VD\ WKDQN
\RXIRUWKHLQFUHGLEOHMREWKDW%DUEDUD:LOOLDPV
LV GRLQJ DV &KDLU RI WKH $HURVSDFH 'LYLVLRQ
<RX¶YHKHOSHGPDNHP\MREPXFKHDVLHU<RX
DOOGLGDIDQWDVWLFMRE'DXUHHQ1HVGLOODOVRGLG
DFRQWULEXWHGSDSHU,KRSHWKDW\RXZLOOVWDUW
SODQQLQJWRDWWHQGWKH$QQXDO&RQIHUHQFH
LQ6DQ'LHJRQH[W\HDU7KHGDWHVDUH-XQH
   3HQQ\ 6\PSVRP RXU &KDLU(OHFW
ZLOOEHZULWLQJDERXWWKLVLQWKHQH[WVHYHUDOLV
VXHVRI6FL7HFK1HZV
7KH (QJLQHHULQJ 'LYLVLRQ
HOHFWLRQLVFRPLQJXS3OHDVHZDWFK\RXUHPDLO
IRUWKHHOHFWURQLFEDOORWWKDWZLOOLQFOXGHDELRRI
HDFKFDQGLGDWH,QDGGLWLRQWKHUHKDYHEHHQD
VHULHVRIUHFRUGHGZHELQDUVIRUWKHHOHFWLRQRI
6/$¶VRI¿FHUV,I\RXKDYHQ¶WKDGDFKDQFHWR
ORRNDWWKHPSOHDVHGRVR6/$LVDOVRORRNLQJ
DWUHVWUXFWXULQJGXHVDJDLQ3OHDVHZDWFKIRU
DQ\DQQRXQFHPHQWVDQGUHDGWKHPFDUHIXOO\
0\ FROXPQ LV VKRUW WKLV WLPH EHFDXVH ,ZDQW
\RXWRUHDGWKHVXPPDULHVRIVRPHRIRXUVHV
VLRQV7KHUHZHUHRWKHUVHVVLRQVWKDWZHFR
VSRQVRUHGVRFKHFNRXWUHSRUWVIURPWKHRWKHU
GLYLVLRQVWKDWFRQWULEXWHWR6FL7HFK1HZV
3DP(QULFL&KDLU
SHQULFL#GXPQHGX
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6FL7HFK1HZV
7KH(QJLQHHULQJ'LYLVLRQZDVSOHDVHGWRSUHV
HQWWKHIROORZLQJDZDUGVGXULQJWKH(QJLQHHU
LQJ'LYLVLRQ/XQFKHRQ	%XVLQHVV0HHWLQJKHOG
0RQGD\-XO\LQ&KLFDJR,/
-DPHV %ODQN LV WKH UHFLSLHQW WKH RI WKH
6/$(QJLQHHULQJ /LEUDULDQ RI WKH <HDU$ZDUG
7KLV  DZDUG VSRQVRUHG E\ ,+6 KLJK
OLJKWV WKH DFFRPSOLVKPHQWV DQG FRQWULEXWLRQV
RI 6/$ (QJLQHHULQJ 'LYLVLRQ PHPEHUV WR WKH
HQJLQHHULQJOLEUDULDQSURIHVVLRQ
-DPHV %ODQN LV D
7HFKQLFDO .QRZO
HGJH 6SHFLDOLVW LQ
WKH HQJLQHHULQJ OL
EUDU\DW&DWHUSLOODU
,QF 6LQFH MRLQLQJ
&DWHUSLOODULQ
-DPHVUHVSRQVLELOL
WLHV KDYH LQFOXGHG
PDQ\ OLEUDU\ IXQF
WLRQV VXFK FDWD
ORJLQJ DFTXLVL
WLRQV FROOHFWLRQ
GHYHORSPHQW DQG ZHEVLWH DGPLQLVWUDWLRQ +H
FXUUHQWO\KDV UHVSRQVLELOLW\ IRU SHUIRUPLQJ LQ
GHSWK UHVHDUFK DGPLQLVWHULQJ DFFHVV WR LQ
GXVWU\VWDQGDUGVDQGVHUYLQJDVDNQRZOHGJH
PDQDJHPHQWVWHZDUGDPRQJRWKHUGXWLHV
6LQFHHDUQLQJKLV06LQ-DPHVKDVEHHQ
DFWLYHO\HQJDJHGZLWK WKH*UDGXDWH6FKRRORI
/LEUDU\DQG,QIRUPDWLRQ6FLHQFH*6/,6DWWKH
8QLYHUVLW\RI ,OOLQRLV LQFOXGLQJPHQWRULQJVWX
GHQWVLQWKH$OWHUQDWLYH6SULQJ%UHDNSURJUDP
SDUWQHULQJZLWKIDFXOW\IRUUHVHDUFKUHODWHGWR
SURMHFWVDW&DWHUSLOODUDQGEHLQJHQJDJHGZLWK
SHHUV WKURXJK WKH*6/,6 &RUSRUDWH 5RXQGWD
EOH
-DPHVKDVD%DFKHORU¶VDQGD0DVWHU¶VGHJUHHLQ
3ROLWLFDO6FLHQFHIURP,OOLQRLV:HVOH\DQ8QLYHU
VLW\¶DQG,OOLQRLV6WDWH8QLYHUVLW\¶UH
VSHFWLYHO\$IWHUDEULHIGHWRXULQWRODZVFKRRO
-DPHVIRXQGKLVULJKWSDWKDJDLQDQGHQWHUHG
JUDGXDWHVFKRROZLWKSODQVWREHFRPHDQDFD
GHPLFOLEUDULDQ8QH[SHFWHGO\DQGWRKLVFRQ
WLQXHGGHOLJKWKHHQGHGXSLQDQHQJLQHHULQJ
OLEUDU\DWD FRUSRUDWLRQDQGKDVQHYHU ORRNHG
EDFN
(QJLQHHULQJ'LYLVLRQ$ZDUGV
>SKRWRWDNHQE\.DYLWD5DR@
$FWLYH LQ KLV KRPH FRPPXQLW\ RI $WODQWD ,O
OLQRLVSRS-DPHVLV6HFUHWDU\7UHDVXU
HU RI WKH$WODQWD+LVWRULF &RPPLVVLRQ D WRXU
JXLGH DW WKH +DZHV *UDLQ (OHYDWRU 1DWLRQDO
+LVWRULF6LWHDQGDµ.HHSHURIWKH&ORFN¶
&ORFN7RZHU
/L=KDQJLVWKHUHFLSLHQWWKHRIWKH,(((
&RQWLQXLQJ(GXFDWLRQ6WLSHQG7KLVWUDY
HO VWLSHQG VSRQVRUHG E\ ,((( LV DZDUGHG WR
(QJLQHHULQJ 'LYLVLRQ PHPEHUV DWWHQGLQJ DQ\
&RQWLQXLQJ(GXFDWLRQFRXUVHRIIHUHGDWWKHDQ
QXDO6/$FRQIHUHQFH
/L =KDQJ LV FXU
UHQWO\ ZRUNLQJ DV
D5HIHUHQFH/LEUDU
LDQ6FLHQFH 6XE
MHFW 6SHFLDOLVW DW
0LVVLVVLSSL 6WDWH
8QLYHUVLW\ /LEUDU
LHV6KHJUDGXDWHG
IURPWKH8QLYHUVLW\
RI 6RXWK )ORULGDZLWK0DVWHU¶V GHJUHHV LQ ,Q
VWUXFWLRQDO 7HFKQRORJ\ DQG /LEUDU\ DQG ,QIRU
PDWLRQ6FLHQFH$W0LVVLVVLSSL6WDWH8QLYHUVLW\
/LEUDULHVVKHSDUWLFLSDWHVLQYDULRXVDFWLYLWLHVRI
WKH5HIHUHQFH'HSDUWPHQWSURYLGLQJUHVHDUFK
DVVLVWDQFH WR SDWURQV SDUWLFXODUO\ IRU IDFXOW\
DQG VWXGHQWV LQ WKH VFLHQFH DQG HQJLQHHULQJ
GLVFLSOLQHV WHDFKLQJ FRXUVHUHODWHG OLEUDU\ LQ
VWUXFWLRQ FODVVHVDQGPDQ\PRUH6KH LVDF
WLYHO\LQYROYHGLQSURIHVVLRQDORUJDQL]DWLRQV
0HODQLH$6WXUJHRQLVWKHUHFLSLHQWWKHRIWKH
63,( 'LJLWDO /LEUDU\ 6WXGHQW 7UDYHO 6WLSHQG
$ZDUG63,('LJLWDO/LEUDU\VSRQVRUVWKLV
WUDYHO VWLSHQG DZDUG IRU (QJLQHHULQJ 'LYLVLRQ
OLEUDU\VFKRROVWXGHQWPHPEHUVDWWHQGLQJ WKH
DQQXDO 6SHFLDO /LEUDULHV $VVRFLDWLRQ FRQIHU
HQFH

0HODQLH $ 6WXUJHRQ
LV ¿QLVKLQJ KHU 06/6
DW WKH 8QLYHUVLW\ RI
1RUWK&DUROLQD&KD
SHO +LOO  6KH KDV
VSHQWWKHSUHYLRXV
\HDUVDVDPHFKDQLFDO
HQJLQHHU ZLWK D %6
DQG 06(  &XUUHQWO\
VKH ZRUNV DV DQ HQ
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 6FL7HFK1HZV
JLQHHUDW ,%0ZKLOHEDODQFLQJVFKRRODQG WZR
SDUWWLPH OLEUDU\ JUDGXDWH DVVLVWDQWVKLSV DW
WKH UHIHUHQFH GHVN DW 81& DQG LQ WKH OHDUQ
LQJFRPPRQVDW1&68+HUJRDOLVWRFRPELQH
KHUHQJLQHHULQJHGXFDWLRQDQGH[SHULHQFHZLWK
KHUQHZOLEUDU\VFLHQFHDQGLQIRUPDWLRQOLWHUDF\
VNLOOVDVDOLEUDULDQLQDQDFDGHPLFRUFRUSRUDWH
HQYLURQPHQW
0HODQLHJUHZXSLQ0LFKLJDQDQGUHFHLYHGD%6
LQ (QJLQHHULQJ *UDSKLFV 	 'HVLJQ DW:HVWHUQ
0LFKLJDQ8QLYHUVLW\DQGDQ06(LQ0HFKDQLFDO
(QJLQHHULQJ DW *UDQG 9DOOH\ 6WDWH 8QLYHUVLW\
6KHKDVEHHQZRUNLQJDVDPHFKDQLFDOGHVLJQ
HQJLQHHUIRUDOPRVW\HDUVLQDYDULHW\RILQ
GXVWULHV LQFOXGLQJ IXUQLWXUH DXWRPRWLYH DQG
HOHFWURQLFV
$IWHUPRYLQJWR1RUWK&DUROLQD0HODQLHGHFLG
HG WR YROXQWHHU DW D SXEOLF OLEUDU\ 6KH VRRQ
GLVFRYHUHGWKDWVKHORYHGZRUNLQJDWDOLEUDU\
DQGWKDWWKHWRSUDQNHGVFKRROIRUOLEUDU\VFL
HQFHZDVMXVWGRZQWKHURDGDWWKH8QLYHUVLW\
RI1RUWK&DUROLQD
,WVHHPHGOLNHIDWHDQGVRRQ0HODQLHZDVWDN
LQJFODVVHVSDUWWLPHZKLOHFRQWLQXLQJKHUGD\
MREDVDPHFKDQLFDOHQJLQHHUDW,%0$VVKH
SURJUHVVHG WKURXJK WKH SURJUDP VKH UHDOL]HG
WKDWVKHUHDOO\HQMR\HGKHOSLQJSHRSOH¿QGLQ
IRUPDWLRQDQGVWDUWHGZRUNLQJSDUWWLPHLQWKH
UHVHDUFKDQGLQVWUXFWLRQDOVHUYLFHVGHSDUWPHQW
DW81&¶V'DYLVOLEUDU\DQGWKHUHVHDUFKDQGLQ
IRUPDWLRQDOVHUYLFHVGHSDUWPHQWDW1&68¶V'+
+LOOOLEUDU\
$OORIWKLVH[SHULHQFHKDV0HODQLHH[FLWHGDERXW
WKHIXWXUHRIOLEUDULHVDQGWKHSURVSHFWRIDFD
UHHULQDQDFDGHPLFRUFRUSRUDWHOLEUDU\ZKHUH
VKH FRXOG XWLOL]H KHU HQJLQHHULQJ EDFNJURXQG
DQGLQIRUPDWLRQOLWHUDF\VNLOOV
0HODQLHLVDOVRYHU\LQWHUHVWHGLQDUWWUDYHODQG
KLNLQJ+HUSHUIHFWYDFDWLRQVDUHGLYLGHGEH
WZHHQDFLW\ZLWKDORWRIPXVHXPVDQGOLEUDULHV
WRYLVLWDQGDQHDUE\QDWLRQDORUVWDWHSDUNWR
H[SORUH
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6FL7HFK1HZV
$HURVSDFH6HFWLRQ%DUEDUD:LOOLDPV&KDLU
7KH$HURVSDFH6HFWLRQRIWKH(QJLQHHULQJ'LYLVLRQHQFRXUDJHVFRPPXQLFDWLRQDQGFRRSHUDWLRQDPRQJLQIRUPDWLRQSURIHV
VLRQDOVFRQFHUQHGZLWKDHURVSDFHDHURQDXWLFDODQGUHODWHGWHFKQRORJLHV,QDGGLWLRQLWIRVWHUVGLDORJZLWKHQWLWLHVVXFK
DV1$6$WKH$,$$DQGRWKHULPSRUWDQWVRXUFHVRIWHFKQLFDOGDWDDQGELEOLRJUDSKLFDOVHUYLFHV
6HHPVKDUGWREHOLHYHWKDWWKH6SHFLDO/LEUDULHV
$VVRFLDWLRQ¶V6/$DQQXDOFRQIHUHQFHKDV
FRPH DQG JRQH 0DNLQJ QHZ DFTXDLQWDQFHV
IUHTXHQWLQJ &KLFDJR ODQGPDUNV DQG JDLQLQJ
FDUHHUHQKDQFLQJVWUDWHJLHVIURPSUHVHQWDWLRQV
FRQYHUVDWLRQVDQGYHQGRULQWHUDFWLRQVKDYHDOO
VHUYHG WR FUHDWH ODVWLQJPHPRULHV  7KRVH RI
XVZKRZHUHVFKHGXOHGWRÀ\EDFNWRWKHHDVW
FRDVWRQWKHODVWGD\RIWKHFRQIHUHQFHUHFHLYHG
DQ H[WHQGHG VWD\ FRXUWHV\ RI0RWKHU1DWXUH
7KHFXUUHQWWUHQGVHHPVWREHIRUH[KLELWHUVWR
FORVHXSVKRSDGD\EHIRUHWKHFRQIHUHQFHHQGV
ZKLFKPDNHV IRUPDUDWKRQYHQGRUYLVLWLQJ  ,
DPDOOUHDG\ORRNLQJIRUZDUGWRWKH6/$
&RQIHUHQFHZKLFKZLOO EH KHOG LQ 6DQ'LHJR
&DOLIRUQLDIURP-XQHWK±WK
7KDQNV WR $GULDQQH:DVKEXUQ SDVW FKDLU IRU
YROXQWHHULQJ WR WDNH WKHPLQXWHV GXULQJ WKH
EXVLQHVVPHHWLQJSHRSOHDWWHQGHGWKH
DQQXDO$HURVSDFHEUHDNIDVW	EXVLQHVVPHHWLQJ
ZKLFK WKH $PHULFDQ ,QVWLWXWH IRU $HURQDXWLFV
DQG$VWURQDXWLFV$,$$H[FOXVLYHO\VSRQVRUHG
8QIRUWXQDWHO\ WKHFDWHUVVHUYHGXV WKHZURQJ
EUHDNIDVWVRZHIHDVWHGRQSDQFDNHVSDVWULHV
DQGIUXLWDQGZHZHUHJLYHQWLQ\OLWWOHSODWHVWR
HDWRIIDV\RXFDQLPDJLQHZHDOOKDGTXLWHD
FKXFNOHRYHUWKHEUHDNIDVWJOLWFK,DPSOHDVHG
WR UHSRUW WKDW WKDQNV WR&DUROLQH5LYHV6/$¶V
HYHQWPDQDJHUWKH$HURVSDFHVHFWLRQKDVEHHQ
FUHGLWHGIRUWKHVPDOOKLFFXSZHHQFRXQWHUHG
7R WLH LQ ZLWK WKH $HURVSDFH VHFWLRQ¶VPLG
PRUQLQJ SURJUDP 0RELOL]LQJ WKH 0HVVDJH
,W WDNHV D YLOODJH WR UHFUXLW FUHDWLYH SUREOHP
VROYHUV EUHDNIDVW DWWHQGHHV ZHUH DVNHG WR
FRQVWUXFWGH¿QLWLRQVWKDWFRQWDLQHGQRPRUHWKDQ
¿YHZRUGVIRU$HURQDXWLFVDQGIRU$VWURQDXWLFV
$WWHQGHHVZHUH GLYLGHG LQWR IRXU WDEOHV WKH
WK WDEOHZDV FRPSULVHG RI WKHPLGPRUQLQJ
VSHDNHUV DQ $,$$ UHSUHVHQWDWLYH DQG D ¿UVW
WLPH6/$DWWHQGHHZKRDOOVHUYHGDV MXGJHV
:HOOWKDW¶VKRZLWZDVVXSSRVHGWREHEXWDOLWWOH
ELUGLHLQIRUPHGPHWKDWWKHWDEOHGHIHUUHGWRWKH
ORQH$HURVSDFHSURIHVVRUDPRQJVWWKHP)RU
1HZVIURPWKH$HURVSDFH6HFWLRQ
WKRVHRI\RXORRNLQJIRUVXFFLQFWGH¿QLWLRQVWR
LPSDUWWRWKHJHQHUDOSXEOLFDERXWRXUVSHFL¿F
¿HOGVIHHOIUHHWRXVHRXUHVWDEOLVKHGGH¿QLWLRQV
$HURQDXWLFVVWXGLHVWKHPHFKDQLFVRIDLUZKLOH
$VWURQDXWLFV VWXGLHV WKHPHFKDQLFV RI VSDFH
EH\RQGWKHHDUWK¶VDWPRVSKHUHDQG$HURVSDFH
LVWKHXPEUHOODWKDWFRYHUVERWKWHUPV
'XULQJWKHEXVLQHVVPHHWLQJZHVKDUHGUHDVRQV
ZK\RQHPLJKWZDQW WR FRQVLGHUYROXQWHHULQJ
IRU WKH  $HURVSDFH &KDLUHOHFW SRVLWLRQ
6HYHUDO UHDVRQV SUHVHQWHGZHUH  7KHUH DUH
ORWVRISHRSOHDYDLODEOHWRKHOS\RX*UHDWZD\
WRGHYHORSQHZVNLOOVLQDVDIHHQYLURQPHQWDQG
0RQH\LVDYDLODEOHWRGHIUD\WKHFRVWRIDWWHQGLQJ
FRQIHUHQFHV  'XULQJ DQQRXQFHPHQWV 5RJHU
:LOOLDPVDQQRXQFHGWKDW$,$$SODQVWRODXQFK
WKHLU QHZ HOHFWURQLF OLEUDU\ FDOOHG $HURVSDFH
5HVHDUFK&HQWUDO $5&RQ$XJXVWUG$5&
ZLOOEHKRVWHGRQWKH$W\SRQ/LWHUDWXP3ODWIRUP
$OVR VKDUHGZDV D ELW RI WULYLD UHJDUGLQJ WKH
$HURVSDFHVHFWLRQGLG\RXNQRZWKDWLQ
ZH KDG RYHU  PHPEHUV"  2XU FXUUHQW
PHPEHUVKLSVWDQGVDW
2 I  F R X U V H  W K H
KLJKSRLQW RI WKH
EUHDNIDVW ZDV WKH
DZDUG LQJ RI  WKH
*HR U J H  0 D Q G H O
0HPRU LD O  $ZDUG
WR 0DU\ :KLWDNHU
IURP 7KH %RHLQJ
&RPSDQ\LQ6HDWWOH
:DVKLQJWRQ  0DU\
L V  W K H  F X U U H Q W
7UHDVXUHU IRU WKH
6/$ (QJLQHHU LQJ
' L Y L V L RQ  DQG  L V
KLJKO\UHJDUGHGDQG
UHVSHFWHG DPRQJ KHU FROOHDJXHV DQG SHHUV
0DU\ JDYH DQ HORTXHQW VSHHFK WKDQNLQJ 'U
0DQGHOIRUKLVFRQWLQXHGVXSSRUWRIWKLVDZDUG
LQKRQRURIKLVIDWKHUZKRGLHG\HDUVDJR
0DQ\WKDQNVDVZHOOWR$,$$IRUWKHLU¿QDQFLDO
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FRQWULEXWLRQVDQGWKH*HRUJH0DQGHO0HPRULDO
VHOHFWLRQFRPPLWWHHZKLFKFRQVLVWHGRI$QGUHD
'DYLV IURP WKH'XGOH\ .QR[ /LEUDU\ DQG WKH
1DYDO3RVWJUDGXDWH6FKRRO*DOH+DUULVUHFLSLHQW
RIWKH*HRUJH0DQGHO$ZDUG(WQD3DXOVRQ
IURP1$6$&HQWHUIRU$HUR6SDFH,QIRUPDWLRQ
DQG$GULDQQH:DVKEXUQIURP/RFNKHHG0DUWLQ
$HURQDXWLFV&RPSDQ\
7KH$HURVSDFHVHFWLRQ¶VVHVVLRQ0RELOL]LQJWKH
0HVVDJH,W7DNHVD9LOODJHWR5HFUXLW&UHDWLYH
3UREOHP6ROYHUV ZDV YHU\ LQIRUPDWLYH  7KH
VHVVLRQ¶VREMHFWLYHZDVWRPDNHWKHFDVHWKDW
LWWDNHVDYLOODJHWRKHOSVSUHDGWKHZRUGDERXW
ZKDWHQJLQHHUVGR:HZDQWZKDWHQJLQHHUVGR
DQGWKHFRQWULEXWLRQVWKH\PDNHWRVRFLHW\DV
XQLYHUVDOO\XQGHUVWRRGDVZKDWGRFWRUVODZ\HUV
DQGWHDFKHUVGR 7KHSXUSRVHRI WKHVHVVLRQ
ZDVWREHJLQDGLDORJIRUGHYHORSLQJVWUDWHJLHV
IRUKHOSLQJWKHSXEOLFSDUWLFXODUO\\RXQJSHRSOH
XQGHUVWDQGZKDWWKHYDULRXVHQJLQHHUVGRDQG
VKRZFDVLQJWKHW\SHVRIFDUHHUSDWKVDYDLODEOH
7KHSURJUDPFRQVLVWHGRIWZRSUHVHQWHUV
'U -HIIUH\+RIIPDQ 3URIHVVRU RI WKH 3UDFWLFH
RI $HURVSDFH (QJLQHHULQJ LQ WKH 'HSDUWPHQW
RI$HURQDXWLFVDQG$VWURQDXWLFVDW0,7 LV WKH
GLUHFWRU RI WKH 0DVVDFKXVHWWV 6SDFH *UDQW
&RQVRUWLXP  +H LV UHVSRQVLEOH IRU VWDWHZLGH
VSDFHUHODWHG HGXFDWLRQDO DFWLYLWLHV GHVLJQHG
WRLQFUHDVHSXEOLFXQGHUVWDQGLQJRIVSDFHDQG
WR DWWUDFW VWXGHQWV LQWR DHURVSDFH FDUHHUV
3URIHVVRU+RIIPDQZKRVWDUWHGKLVSURIHVVLRQDO
FDUHHU LQ DVWURQRP\ ZDONHG XV WKURXJK KLV
WUDQVLWLRQ IURP DVWURQRPHU WR HQJLQHHU DQG
GLVFXVVHGWKHDWWULEXWHVFRPPRQWRDOORI WKH
HQJLQHHULQJ GLVFLSOLQHV  +H VSRNH DERXW WKH
SDVVLRQVWKDWGULYHHQJLQHHUVDQGRIVWUDWHJLHV
WKDW VSDUN LQWHUHVW LQ \RXWK  'U +RIIPDQ
H[DPLQHG WKH VXSSRVLWLRQ WKDW VWXGHQWV JR
LQWR HQJLQHHULQJEHFDXVH WKH\ ORYHPDWKDQG
VFLHQFHDVRSSRVHGWREHFRPLQJJRRGLQWKRVH
VXEMHFWVEHFDXVHWKH\DUHWKHWRROVUHTXLUHGWR
H[SODLQWKHW\SHRISUREOHPVWKH\DUHLQWHUHVWHG
LQVROYLQJ
*DLO'XQGDV'LUHFWRURI(GXFDWLRQ	:RUNSODFH
LQ ,QWHO¶V *OREDO &RPPXQLFDWLRQV *URXS LQ
2UHJRQ VXPPDUL]HG WKH ¿QGLQJV IURP ,QWHO¶V
³6XUYH\RI7HHQV¶ 3HUFHSWLRQVRI(QJLQHHULQJ´
UHVHDUFKWKDWVKRZVKLJKVFKRROVWXGHQWVDUHQRW
IDPLOLDUZLWKZKDWHQJLQHHUVGR(PSOR\HGDW
,QWHOIRUQHDUO\\HDUV0UV'XQGDVH[SODLQHG
VRPHRIWKHRXWUHDFKHIIRUWVWKDW,QWHOLVLQYROYHG
LQWRVSUHDGWKHPHVVDJHDERXWZKDWHQJLQHHUV
GRDQGWKHLPSDFWHQJLQHHUVFDQDQGGRKDYHRQ
VRFLHW\,QWHOLVDZRUOGZLGHEUDQGZKRVHYLVLRQ
LVWRFUHDWHDQGH[WHQGFRPSXWLQJWHFKQRORJ\
WRFRQQHFWDQGHQULFKWKHOLYHVRIHYHU\SHUVRQ
RQ HDUWK  ,QWHO¶V *OREDO &RPPXQLFDWLRQV
*URXS KHOSV GHILQH DQG FRPPXQLFDWH WKH
VWUDWHJLHVZRUOGZLGHWKDWZLOOEULQJWKDWYLVLRQ
WROLIH$FFRUGLQJWR*DLOZKRKROGVD0DVWHU¶V
'HJUHH LQ &RPPXQLFDWLRQV0DQDJHPHQW KHU
PRVWUHZDUGLQJH[SHULHQFHKDVEHHQWKHVKLIW
LQ DZDUHQHVV E\ WKH JHQHUDO SXEOLF RI ,QWHO¶V
SRVLWLYH UROH LQ HQJDJLQJ \RXWK LQPDWK DQG
VFLHQFHZKLFKVKHVSRNHDERXWH[WHQVLYHO\
0RYLQJ WKH $HURVSDFH VHFWLRQ¶V VHVVLRQ IURP
0RQGD\WR:HGQHVGD\VDZDGUDPDWLFGHFUHDVH
LQ DWWHQGDQFH ZH RQO\ KDG  DWWHQGHHV
QHYHUWKHOHVVWKHSURJUDPZDVDZHVRPH$IWHU
WKH VSHDNHUVPDGH WKHLU SUHVHQWDWLRQV WKHUH
ZDV D OLYHO\ GLVFXVVLRQ EHWZHHQ WKH VSHDNHUV
DQGWKHDWWHQGHHV+RSHIXOO\WKHGLVFXVVLRQRQ
WKLVWRSLFZLOOFRQWLQXHDWLQGLYLGXDODWWHQGHH¶V
RUJDQL]DWLRQVVLQFHZHDUHWKHYLOODJHWKDWQHHGV
WRKHOSVSUHDGWKHPHVVDJH7KHPHVVDJHZH
ZDQWWRVSUHDGLVWKDWFROOHFWLYHO\DVLQIRUPDWLRQ
SURYLGHUVZHDUHLQDSRVLWLRQWRDVVLVWWKHSXEOLF
ZLWKXQGHUVWDQGLQJZKDW WKHYDULRXVDUHDVRI
VSHFLDOL]DWLRQZLWKLQ (QJLQHHULQJ GRHV  ,(((
;SORUH'LJLWDO/LEUDU\ZDVDPDMRUFRQWULEXWRU
RIWKLVSURJUDPDQGWKHUHFRQWLQXHGVXSSRUWLV
PXFKDSSUHFLDWHG
%DUEDUD:LOOLDPV&KDLU
EDUEDUDZ#PLWHGX
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6FLHQFH7RGD\LQ9HUVH
+RSH/HPDQ6DPDULWDQ+HDOWK6HUYLFHV
,DPIHHOLQJVRPHZKDWEOXH
µ&DXVHVHDOVDUHG\LQJRIWKHÀX
7KDWLVVDGDQGZKDWLVPRUH
,W¶VRIDW\SHQRWVHHQEHIRUH
$QGZLWK(EROD\RXPXVWPDNH
(IIRUWVQHYHUKDQGVWRVKDNH
$QGDOZD\VNHHSRQHVHOITXLWHFOHDQ
2U¿QG\RXUVHOILQTXDUDQWLQH
7XUELQHVQHDUWKHKDELWDWV
2IYDULRXVNLQGVRIELUGVDQGEDWV
+DYHDQHIIHFWRQELUGVDGYHUVH
$QGWKDWRQEDWVLVHYHQZRUVH
'UXJXVHUVVKRZVHYLGHQFH
+DYHVFUHZHGXSEUDLQVZKLFKGRHV
PDNHVHQVH
3DWWHUQVRIZRXQGVDQGLQMXULHV
6WXGLHGQRZIRUFHQWXULHV
6XJJHVWKXPDQNLQGKDVQRW
%HHQDVNLQGDVZHKDGWKRXJKW
/LIHDSSHDUVWRKDYHEHHQTXLWHGXOO
:LWKRXWDEUHDNWRVPDVKDVNXOO
$QHZGUXJKDVPDGHVRPHPLFH
7KLQQHUZKLFKLVYHU\QLFH
%XWPD\QRWJHWWR\RXRUPH
)RUJRLQJRQHWHUQLW\
,WLVPRUHSUREDEOHWKDQQRW
)RUFRSVQRWWRQRWLFHSRW
$VSUHRFFXSLHGWKH\WHQGWRWKLQN
<RXDUHVSHHGLQJGXHWRGULQN
%RZKHDGZKDOHVVLQJOLNHELUGV
:DNHPHXSZKHQWKH\XVHZRUGV
39
et al.: Full Issue: vol. 66, no. 3
Published by Jefferson Digital Commons, 2012
 6FL7HFK1HZV
%H\RQGWKH&KHPLVWU\:HE
%RE%XFKDQDQ&KHPLVWU\/LEUDULDQ$XEXUQ8QLYHUVLW\
,Q/HWWHUVWRD<RXQJ/LEUDULDQ-HVVLFD2OLQ
DYHWHUDQOLEUDULDQRIQLQH\HDUVJLYHVDGYLFH
WROLEUDU\VFKRROVWXGHQWVDQGUHFHQWJUDGXDWHV
2QHRIKHUJRDOVLVWRDGGUHVVSUDFWLFDOWRSLFV
WKDWDUHQRWWDXJKWLQOLEUDU\VFKRRO$OWKRXJK
DLPHGDWVWXGHQWVWKLVEORJGHVHUYHVDZLGHU
DXGLHQFHLIIRUQRRWKHUUHDVRQWKDQWRVHHLI
LWPDWFKHV\RXUSHUVSHFWLYHRQWKHSURIHVVLRQ
*XHVW ZULWHUV DOVR FRQWULEXWH FRQWHQW ZKLFK
PDNHVWKLVJRRGEORJDQHYHQEHWWHURQH
KWWSOHWWHUVWRD\RXQJOLEUDULDQEORJVSRWFRP
+LULQJ/LEUDULDQVLVDQHZEORJWKDWSURYLGHV
DIRUXPIRUWKRVHZKRPDNHKLULQJGHFLVLRQVLQ
OLEUDULHV WRH[SODLQ WKHUHDVRQLQJEHKLQGWKHLU
GHFLVLRQV ,W FRYHUV DOO W\SHV RI OLEUDULHV DQG
OLEUDU\RSHUDWLRQVZLWKXQXVXDOIUDQNQHVV0RVW
RIWKHEORJHQWULHVDUHRQHSHUVRQ¶VUHVSRQVHVWR
DVHWRIVWDQGDUGTXHVWLRQV2WKHUHQWULHVDUHWKH
UHVSRQVHVE\EORJUHJXODUVWRDVLQJOHTXHVWLRQ
VXFKDV³:RXOG\RXKLUHVRPHRQHZLWKDQ0/6
IRUDSDUDSURIHVVLRQDOSRVLWLRQ"´7DNHDORRNVRRQ
±WKLVEORJPD\QRWOLYHORQJDVLWVDQRQ\PRXV
DXWKRULVFXUUHQWO\ORRNLQJIRUDOLEUDU\SRVLWLRQ
KWWSKLULQJOLEUDULDQVFRP
*RRJOH 6FKRODU KDV PDGH D IHZ FKDQJHV
UHFHQWO\,WLVPXFKHDVLHUWROLPLWE\GDWHODVW
\HDUWZR\HDUV¿YH\HDUVDQGFXVWRPUDQJH
ZKLOH VWLOO VRUWLQJ UHVXOWVE\ UHOHYDQF\$QHZ
OLQNFDOOHG³UHFHQWDGGLWLRQV´VRUWVLWHPVUHFHQWO\
DGGHGLQUHYHUVHFKURQRORJLFDORUGHU7KHGHIDXOW
IRU ³UHFHQWDGGLWLRQV´ LV WRVHDUFKRQO\DUWLFOH
DEVWUDFWV7KLVDSSHDUVWRJLYHIHZHUUHVXOWVWKDQ
H[SHFWHG±ORRNIRUWKH³IXOOWH[W´WDEWRVHDUFK
HYHU\WKLQJ 1HLWKHU RSWLRQ TXLWH GXSOLFDWHV D
UHYHUVHFKURQRORJLFDOVRUWEXW*RRJOH6FKRODU
LV JHWWLQJ FORVHU 7KH DGYDQFHG VHDUFK LV VWLOO
DYDLODEOHEXWLWLVKLGGHQLQWKHWULDQJOHRQWKH
ULJKWHGJHRIWKHVHDUFKER[7KH0HWULFVOLQNLQ
WKHXSSHUOHIWOLVWVWKHWRSMRXUQDOVDVPHDVXUHG
E\\HWDQRWKHUSXEOLFDWLRQHYDOXDWLRQLQGH[±WKH
KLQGH[OLPLWHGWRWKHSDVW\HDUV&XUUHQWO\
RQO\WKHWRSMRXUQDOVDUHOLVWHGZKLFKJUHDWO\
OHVVHQVLWVSRWHQWLDOYDOXH
KWWSVFKRODUJRRJOHFRP
-HIIHU\ %HDOO PDLQWDLQV WKH
EORJ6FKRODUO\2SHQ$FFHVV
&ULWLFDO DQDO\VLV RI RSHQ
DFFHVV SXEOLVKLQJ  7KLV
VLWH DOVR SURYLGHV D OLVW RI
³TXHVWLRQDEOHVFKRODUO\RSHQDFFHVVSXEOLVKHUV ´
KWWSVFKRODUO\RDFRP
/RRNLQJ IRU 2$ SURPRWLRQPDWHULDO":LOOLDP
-DFREV DQG &KULV (UGPDQ KDYH FUHDWHG D
EULHI2$*XLGH WRKHOS IDFXOW\HYDOXDWH WKHLU
SXEOLFDWLRQRSWLRQV7KHJXLGHLQFOXGHVDOLQNWR
DGRZQORDGDEOH&UHDWLYH&RPPRQVYHUVLRQIRU
0LFURVRIW:RUG
KWWSVFLWHFKVODRUJSUFRPPLWWHHRDJXLGH
7KH$&5/6FKRODUO\&RPPXQLFDWLRQ7RRONLW
SURYLGHV H[WHQVLYH HGXFDWLRQDO PDWHULDO IRU
OLEUDULDQVWR³VXSSRUWDGYRFDF\HIIRUWVGHVLJQHG
WR WUDQVIRUP WKH VFKRODUO\ FRPPXQLFDWLRQ
ODQGVFDSH´ 8VHWKHWDEVDWWKHWRSRIWKHSDJH
WRDFFHVVKDQGRXWVSUHVHQWDWLRQVSXEOLFDWLRQV
ZHEVLWHVDQGYLGHRVRQVHYHUDOWRSLFVDXWKRU¶V
ULJKWVGLJLWDOUHSRVLWRULHVMRXUQDOHFRQRPLFV
DQG ZKDW \RX FDQ GR 7KHPDWHULDOV LQ WKH
WRRONLWFDQEHXVHGXQGHUD&UHDWLYH&RPPRQV
DWWULEXWLRQQRFRPPHUFLDOXVHVKDUHDOLNH
OLFHQVH
KWWSZZZVFKROFRPPDFUODODRUJ
2SHQ$FFHVV3XEOLVKLQJ,VVXHVLVDQXSWR
GDWHZHESDJHFUHDWHGE\ WKH'HSDUWPHQWRI
&KHPLVWU\DW8QLYHUVLW\RI2[IRUG,WLVWKHVRUW
RIXVHIXO OLJKWO\DQQRWDWHGSDJH WKDWXVHG WR
EHFRPPRQLQDFDGHPLDEHIRUHEUDQGLQJWRRN
RYHU,QDGGLWLRQWREDFNJURXQG OLQNVRQRSHQ
DFFHVVSXEOLVKLQJDQGVFKRODUO\FRPPXQLFDWLRQ
LVVXHV WKLV VLWH LQFOXGHV VHFWLRQVRQSXEOLVKHU
LQLWLDWLYHVDQGSROLFLHVFKHPLVWU\RSHQDFFHVV
MRXUQDOVDQGLQLWLDWLYHVXQGHUWDNHQLQWKH8.
RWKHUFRXQWULHVDQGLQWHUQDWLRQDOO\
K W WS ZZZFKHPR[DF XNFKHPLQ IR
RSHQDFFHVVKWPO
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7KH'LUHFWRU\RI2SHQ$FFHVV-RXUQDOVLVD
JRRGSODFHWRLGHQWLI\RSHQDFFHVVVFLHQWL¿FDQG
VFKRODUO\MRXUQDOVLQDYDULHW\RIGLVFLSOLQHV
K W W S    Z Z Z  G R D M  R U J 
GRDM"IXQF KRPH	XL/DQJXDJH HQ
2QH¿IWKRI$PHULFDQDGXOWVKDYHUHDGDQHERRN
LQWKHSDVW\HDU:KRLVUHDGLQJHERRNV":KDW
DUH WKH\ UHDGLQJ" +RZ RIWHQ GR WKH\ UHDG"
7KH5LVHRI (5HDGLQJSUHVHQWV WKH UHVXOWV
RI SROOLQJ UHVHDUFK IURP WKH 3HZ ,QWHUQHW 	
$PHULFDQ /LIH 3URMHFW $OWKRXJK WKH HIIHFW RI
HERRNVRQOLEUDULHVDQGWKHH[SHFWDWLRQVWKH\
FUHDWHZHUHQRWH[DPLQHGWKLVSDJHUHSRUW
ZULWWHQ LQ  VKRXOG LQWHUHVW DOO OLEUDULDQV
6RPHRIWKHUHVXOWVPD\EHVXUSULVLQJ
KWWSOLEUDULHVSHZLQWHUQHWRUJ
WKHULVHRIHUHDGLQJ
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6FL7HFK%RRN1HZV5HYLHZV 6XVDQ)LQJHUPDQ6HOHFWRU
7KHIROORZLQJVHFWLRQFRQVLVWVRIERRNUHYLHZVVHOHFWHGIURP6FL7HFK%RRN
1HZV UHSULQWHGZLWK WKHSHUPLVVLRQRI%RRN1HZV ,QF 7KLV UHYLHZ MRXUQDO LV
SXEOLVKHG IRXU WLPHVD\HDUHDFK LVVXH UHYLHZLQJRYHUQHZ WLWOHV LQ WKH
SK\VLFDODQGELRORJLFDOVFLHQFHVPDWKHPDWLFVHQJLQHHULQJFRPSXWHUVFLHQFHWHFKQRORJ\DQG
DJULFXOWXUH)RUDVDPSOHLVVXHDQGVXEVFULSWLRQLQIRUPDWLRQFRQWDFW%RRN1HZV,QFDW
1(6XPQHU6WUHHW3RUWODQG253KRQH)D[(PDLO
ERRNQHZV#ERRNQHZVFRP
*(2*5$3+<
*
+\SHUVSHFWUDOUHPRWHVHQVLQJ
(LVPDQQ0LFKDHO7KHRGRUH
63,(S
(LVPDQQ D UHVHDUFKHU LQ HOHFWURRSWLFDO DQG
LQIUDUHG WHFKQRORJ\ K\SHUVSHFWUDO UHPRWH
VHQVLQJ DQG RSWLFDO LQIRUPDWLRQ SURFHVVLQJ
ZKRLVDVVRFLDWHGZLWKWKH$LU)RUFH5HVHDUFK
/DERUDWRU\DQGWHDFKHVDWWKH$LU)RUFH,QVWLWXWH
RI7HFKQRORJ\SURYLGHVVWXGHQWVZLWKDWH[WERRN
RQK\SHUVSHFWUDOUHPRWHVHQVLQJWKDWIRFXVHVRQ
LWVSK\VLFDOSULQFLSOHVDVRSSRVHGWRDSSOLFDWLRQV
+HGHVFULEHVVSHFWURVFRSLFSULQFLSOHVIURPWKH
SHUVSHFWLYHVRIFODVVLFDOHOHFWURPDJQHWLFWKHRU\
DQGTXDQWXPPHFKDQLFDOWKHRU\VSHFWURVFRS\
IURP WKH VWDQGSRLQW RI PHDVXUHG VSHFWUDO
SURSHUWLHVUHPRWHO\VHQVHGVSHFWUDOUDGLDQFH
DQG LPDJLQJV\VWHPGLVSHUVLYHVSHFWURPHWHU
DQG )RXULHU WUDQVIRUP VSHFWURPHWHU GHVLJQ
DQG DQDO\VLV DV ZHOO DV DGGLWLRQDO GHVLJQV
LPDJLQJVSHFWURPHWHUFDOLEUDWLRQDWPRVSKHULF
FRPSHQVDWLRQ VSHFWUDO GDWD PRGHOV DQG
K\SHUVSHFWUDO LPDJH FODVVL¿FDWLRQ DQG WDUJHW
GHWHFWLRQ
+<'52/2*<2&($12*5$3+<
*%
0XOWLVFDOH K\GURORJLF UHPRWH VHQVLQJ
SHUVSHFWLYHVDQGDSSOLFDWLRQV
7LWOHPDLQHQWU\(GE\1L%LQ&KDQJDQG<DQJ
+RQJ
&5&3UHVVS
&LYLO DQG RWKHU HQJLQHHUV V\QWKHVL]H UHVHDUFK
RYHU WKH SDVW GHFDGH RU VR LQWR KRZ FOLPDWH
FKDQJH FRXOG LQWHUUXSW WKH K\GURORJLF F\FOH
RQYDU\LQJVFDOHVDQGHQGDQJHUWKHVWUXFWXUH
IXQFWLRQ DQG VHUYLFHV SURYLGHG E\ DTXDWLF
HFRV\VWHPV0RUHVSHFL¿FDOO\WKH\DUHFRQFHUQHG
ZLWK KRZ K\GURORJLF REVHUYDWRULHV PD\ EH
DGHTXDWHO\ FRQ¿JXUHG WR RYHUFRPH EDUULHUV
ZKHQFROOHFWLQJQHFHVVDU\IHHGEDFNZLWKLQWKH
FRQVWUDLQHGK\GURORJLFV\VWHPDWPXOWLSOHVFDOHV
7KH\ FRQVLGHU K\GURORJLFDO UHPRWH VHQVLQJ
DW WKH ORFDO XUEDQZDWHUVKHG UHJLRQDO DQG
FRQWLQHQWDODQGJOREDOVFDOHV$PRQJWKHWRSLFV
DUH DGYDQFHG JURXQGSHQHWUDWLQJ UDGDU IRU
VRLOPRLVWXUH UHWULHYDOPRGHOLQJ VWUHDP ÀRZ
FKDQJHV ZLWK WKH DLG RIPXOWLVRXUVH UHPRWH
VHQVLQJ GDWD LQ D SRRUO\ JDXJHGZDWHUVKHG
PXOWLVSHFWUDOVDWHOOLWHGDWDIRUPRQLWRULQJÀRRGV
DQGPDSSLQJ LQXQGDWLRQ UDGDU SRODULPHWU\
IRUHVWLPDWLQJUDLQDQGPLFURZDYHYHJHWDWLRQ
LQGLFHVIURPVDWHOOLWHSDVVLYHPLFURZDYHVHQVRUV
IRUPDSSLQJJOREDOYHJHWDWLRQFRYHU
+$
'HVLJQLQJ	GRLQJVXUYH\UHVHDUFK
$QGUHV/HVOH\
6DJH3XEOLFDWLRQVS
,QWKLVDFFHVVLEOHJXLGHIRUVHQLRUXQGHUJUDGXDWHV
DQGJUDGXDWHVWXGHQWVVPDOOEXVLQHVVRZQHUV
DQGLQVWLWXWLRQDOUHVHDUFKHUV$QGUHVHGXFDWLRQDO
VWXGLHV8RI%ULWLVK&ROXPELDH[SODLQVKRZWR
GHVLJQTXHVWLRQVIRUVXUYH\UHVHDUFKDQGKRZWR
FRQGXFWGLIIHUHQWW\SHVRIVXUYH\UHVHDUFKDGGLQJ
DWRXFKRIKXPRUZLWKE	ZFDUWRRQV&KDSWHUV
FRYHUPDSSLQJRXWWKHVXUYH\UHVHDUFKSURFHVV
FRQFHSWXDOL]LQJ WKH VXUYH\ UHVHDUFK VWXG\
VXUYH\IRUPDWVGHYHORSLQJTXHVWLRQVVDPSOLQJ
WKHRU\ DQG SUDFWLFH YDOLGLW\ DGPLQLVWHULQJ
VXUYH\V DQGGDWDDQDO\VLV /HDUQLQJ IHDWXUHV
LQFOXGH FKDSWHU VXPPDULHV H[HUFLVHV DQG
HWKLFVDOHUWV7KHERRNLV LOOXVWUDWHGZLWKE	Z
VFUHHQVKRWVDQGVXUYH\V
+9
,QIUDUHG DQG 5DPDQ VSHFWURVFRS\ LQ
IRUHQVLFVFLHQFH
7LWOHPDLQHQWU\(GE\-RKQ0&KDOPHUVHWDO
-RKQ:LOH\	6RQVS
6FLHQWLVWVPRVWO\ LQ %ULWDLQ LQWURGXFH QRYLFH
DQG HVWDEOLVKHG VSHFWURVFRSLF SUDFWLWLRQHUV RI
DQDO\WLFDOFKHPLVWU\WRWKHWHFKQLFDOHOHPHQWVRI
5DPDQDQGLQIUDUHGVSHFWURVFRS\DVDSSOLHGLQ
YDULRXVDUHDVRIIRUHQVLFVFLHQFH$IWHUH[SODLQLQJ
WKHSULQFLSOHVXQGHUO\LQJ WKH WHFKQRORJ\ WKH\
FRPELQHRYHUYLHZVDQGFDVHVWXGLHVUHODWLQJWR
FULPHVFHQHVFRXQWHUWHUURULVPDQGKRPHODQG
VHFXULW\ GUXJV RI DEXVH DUFKDHRORJ\ DQG
PLQHUDORJ\ DQG SKDUPDFHXWLFDOV DQG RWKHU
FRQVXPHUSURGXFWV7KHWRSLFVLQFOXGHYLEUDWLRQDO
VSHFWURVFRS\VDPSOLQJWHFKQLTXHVWKHIRUHQVLF
DQDO\VLV RI KDLU E\ LQIUDUHG VSHFWURVFRS\ WKH
QRQLQYDVLYH GHWHFWLRQ RI FRQFHDOHG OLTXLGV
DQG SRZGHU H[SORVLYHV XVLQJ VSDWLDOO\ RIIVHW
5DPDQVSHFWURVFRS\VWXG\LQJPDQXVFULSWVE\
YLEUDWLRQDOVSHFWURVFRS\5DPDQVSHFWURVFRS\RI
FHUDPLFVDQGJODVVHVDQGLQIUDUHGVSHFWURVFRS\
IRUGHWHFWLQJDGXOWHUDWLRQLQIRRGV
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7KH QHXURVFLHQFH RI  KDQGZULW LQJ
DSSOLFDWLRQV IRU IRUHQVLF GRFXPHQW
H[DPLQDWLRQ
&DOLJLXUL0LFKDHO3DQG/LQWRQ$0RKDPPHG
,QWHUQDWLRQDOIRUHQVLFVFLHQFHDQGLQYHVWLJDWLRQ
VHULHV
&5&3UHVVS
$W D WLPH ZKHQ WKH YDOLGLW\ DQG UHOLDELOLW\
RI GRFXPHQW H[DPLQDWLRQ LV EHLQJ FORVHO\
VFUXWLQL]HG&DOLJLXULSV\FKLDWU\8RI&DOLIRUQLD
6DQ'LHJRDQG0RKDPPHGDIRUHQVLFGRFXPHQW
H[DPLQHUH[SORUHWKHQHXURVFLHQWL¿FSULQFLSOHV
RIQRUPDODQGSDWKRORJLFDOKDQGPRWRUFRQWURO
DQG KDQGZULWLQJ IRU IRUHQVLF GRFXPHQWDWLRQ
H[DPLQDWLRQ DQG OHJDO SURIHVVLRQDOV DQG
UHVHDUFKHUV DQG GLVFXVV UHOHYDQW WKHRU\ DQG
SUDFWLFH ZLWK H[DPSOHV IURP UHFHQW VWXGLHV
7KH\SURYLGHEDFNJURXQGRQWKHIXQGDPHQWDOV
RIPRWRUFRQWUROZLWKUHIHUHQFHWRKDQGZULWLQJ
WKHIXQGDPHQWDOSULQFLSOHVRIQHXURDQDWRP\DQG
QHXURFKHPLVWU\RIKDQGPRWRUFRQWUROWKHRULHVRI
PRWRUFRQWURODQGWKHLUDSSOLFDWLRQWRKDQGZULWLQJ
UHVHDUFKFRPPRQQHXURGHJHQHUDWLYHGLVHDVHV
DQG WKHLU HSLGHPLRORJ\ SDWKRSK\VLRORJ\ DQG
PRWRU FKDUDFWHULVWLFV FRPPRQ SV\FKRWURSLF
PHGLFDWLRQV IRU GHSUHVVLRQ ELSRODU GLVRUGHU
DQG SV\FKRVLV WKHLUPHFKDQLVPV RI DFWLRQ
DQGZK\ WKH\DUH LPSRUWDQW LQXQGHUVWDQGLQJ
PRWRUEHKDYLRUDQGKDQGZULWLQJDQGWKHHIIHFWV
RI WKH DJLQJ SURFHVV RQPRWRU FRQWURO DQG
KDQGZULWLQJ7KHVHFRQGVHFWLRQFRYHUVDGYDQFHV
LQ WKH TXDQWLWDWLYH DSSURDFK WR VLJQDWXUH
DXWKHQWLFDWLRQPDLQO\WKHNLQHPDWLFDSSURDFK
WR JHQXLQH GLVJXLVHG DQG IRUJHG VLJQDWXUHV
DQG SUHVHQWV GDWD IURP WKH DXWKRUV¶ VWXGLHV
WKDWWHVWHGVSHFL¿FK\SRWKHVHVDERXWZKHWKHU
DVLJQDWXUHLVDXWKHQWLFRUIRUJHGIROORZHGE\D
¿QDOVHFWLRQRXWOLQLQJWKHLUVWXGLHVRQWKHHIIHFWV
RI PHGLFDWLRQ DQG GLVHDVH RQ KDQGZULWLQJ
LQFOXGLQJ SURJUHVVLYH VXSUDQXFOHDU SDOV\
QHXURORJLFDOGLVHDVHVSV\FKRWURSLFPHGLFDWLRQV
DQGVXEVWDQFHDEXVH
6&,(1&(*(1(5$/
4
/HDGHUVKLS LQ VFLHQFH DQG WHFKQRORJ\ D
UHIHUHQFHKDQGERRNY
7LWOHPDLQHQWU\(GE\:LOOLDP6LPV%DLQEULGJH
6DJH3XEOLFDWLRQVS
7KLVWKRXJKWIXOO\RUJDQL]HGKDQGERRNDGGUHVVHV
DWRSLFWKDWGUDZVIURPQXPHURXVGLVFLSOLQHVDQG
LVJDUQHULQJLQFUHDVHGDWWHQWLRQDVDGLVFLSOLQHLQ
LWVHOI7KH¿UVWRIWKHWZRYROXPHVEHJLQVZLWKDQ
LQWURGXFWRU\HVVD\)ROORZLQJDUHFRQWULEXWHG
FKDSWHUV DUUDQJHG LQ VHFWLRQV RQ VFLHQWLILF
DSSURDFKHV HJ DQWKURSRORJ\ FRJQLWLYH
VFLHQFH HFRQRPLFV IXWXUHV VWXGLHV SROLWLFDO
VFLHQFHQHWZRUNVFLHQFHDQGVRFLDOSV\FKRORJ\
NH\FRQFHSWVFRQWURYHUVLHVJURXSSURFHVVHV
UHVHDUFKJURXSVDQGPLVFRQGXFWDPRQJRWKHU
WRSLFV FRQWH[WV IDOOLELOLW\ DQG DXWKRULW\
PRUDO H[HPSODUVPXOWLFXOWXUDO WHDPV DPRQJ
RWKHUVDQGWDFWLFVDQGWRROVHJVLPXODWLRQ
FUHDWLYH FRJQLWLRQ IROORZHUVKLS JDWHNHHSLQJ
PDQDJHPHQWWRROVIRULQQRYDWLRQ7KHVHFRQG
YROXPH FRPSULVHV  FDVH VWXGLHV SHUWDLQLQJ
WRDQH[WUDRUGLQDU\UDQJHRIFRQWH[WVLQFOXGLQJ
DUWLILFLDO LQWHOOLJHQFH VFLHQFH ILFWLRQ GDWD
LQWHQVLYHDVWURQRP\3RODUUHVHDUFKWKH$SROOR
SURMHFW KDUSVLFKRUGPDNHUV HQYLURQPHQWDOO\
FRPSDWLEOH WH[WLOHV HGXFDWLRQDO JDPHV DQG
XQGHUJUDGXDWH ELRORJ\ HGXFDWLRQWR QDPH
MXVWD IHZ(GLWRU%DLQEULGJH WDXJKWVRFLRORJ\
LQ XQLYHUVLWLHV IRU  \HDUV WKHQ MRLQHG WKH
1DWLRQDO6FLHQFH)RXQGDWLRQZKHUHKHGLUHFWV
WKHSURJUDPRQKXPDQFHQWHUHGFRPSXWLQJ+H
DXWKRUHGPRUHWKDQDKDQGIXORIWKHFKDSWHUVDQG
EURXJKWWRJHWKHUFRQWULEXWRUVDI¿OLDWHGZLWK
DFDGHPLFLQVWLWXWLRQVJRYHUQPHQWDJHQFLHVDQG
SULYDWHLQGXVWU\LQDWOHDVWKDOIGR]HQFRXQWULHV
4
&OHDU DQG FRQFLVH FRPPXQLFDWLRQV IRU
VFLHQWLVWVDQGHQJLQHHUV
6SHLJKW-DPHV*
&5&3UHVVSSD
)RU VFLHQWLVWV DQG HQJLQHHUV DW HYHU\ OHYHO RI
HGXFDWLRQ6SHLJKWRIIHUVDGYLFHRQSUHVHQWLQJ
WKHLULGHDVLQDFOHDUXQGHUVWDQGDEOHDQGORJLFDO
PDQQHU 7KHJRDO KH VD\V LV IRU OLVWHQHUV RI
RUDOSUHVHQWDWLRQVRUUHDGHUVRIMRXUQDODUWLFOHV
RU FRPSDQ\ UHSRUWV WREHDEOH WRGLVFXVV WKH
PDWWHUZLWKSHHUV+HFRQVLGHUVVXFKPDWWHUV
DV W\SHVRI VFLHQWL¿FDQGHQJLQHHULQJZULWLQJ
DSSHDUDQFH DQG SK\VLFDO OD\RXW SUHSDULQJ WR
ZULWH WHDPZRUN WHFKQLFDOSUHVHQWDWLRQVDQG
FRUUHVSRQGHQFH
4
,QWHOOLJHQW V\VWHPDQG DSSOLHGPDWHULDO
SURFHHGLQJVY
,QW¶O &RQIHUHQFH RQ ,QWHOOLJHQW 6\VWHP DQG
$SSOLHG0DWHULDO7DL\XDQ&KLQD(GE\
:X-LQKXLHWDO$GYDQFHGPDWHULDOVUHVHDUFK
YV
7UDQV 7HFK 3XEOLFDWLRQV    S
SD
$UUDQJHG LQ WZR YROXPHV WKLV FROOHFWLRQ
UHSUHVHQWVWKHSURFHHGLQJVRIWKH,QWHUQDWLRQDO
&RQIHUHQFHRQ,QWHOOLJHQW6\VWHPDQG$SSOLHG
0DWHULDO KHOG LQ 7DL\XDQ &KLQD LQ -DQXDU\
VKRZFDVLQJFXUUHQWVFKRODUVKLSLQDZLGH
YDULHW\ RI VXEMHFW DUHDV UHODWLQJ WRPDWHULDOV
VFLHQFHDQGHQJLQHHULQJ7KHDUWLFOHVLQYROXPH
RQHDUHGLYLGHGLQWRVHFWLRQVFRYHULQJPDWHULDO
VFLHQFHV DQGPDQXIDFWXULQJ SURFHVVHV ZKLOH
YROXPHWZRFRQWLQXHVZLWKDGGLWLRQDOHVVD\VRQ
PDQXIDFWXULQJ WHFKQRORJLHV VXFK DV URERWLFV
FLYLOHQJLQHHULQJDQGLQIUDVWUXFWXUHFRQVWUXFWLRQ
LQWHOOLJHQW WUDQVSRUW V\VWHP KDUGZDUH DQG
VHUYRPRWRUGHVLJQ ,QGLYLGXDOSDSHUV LQFOXGH
NH\ZRUG OLVWV DEVWUDFWV LOOXVWUDWLRQV WDEOHV
ELEOLRJUDSKLHV DQG QRWHV DQG WKH FRPSOHWH
VHW LV LQGH[HG E\ ERWK DXWKRU DQG NH\ZRUG
&RQWULEXWRUV DUH DFDGHPLFV DQG LQGXVWU\
UHVHDUFKHUVIURPSULPDULO\&KLQHVHLQVWLWXWLRQV
DQG¿UPV
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4$
7KH8;ERRN SURFHVV DQGJXLGHOLQHV IRU
HQVXULQJDTXDOLW\XVHUH[SHULHQFH
+DUWVRQ5H[DQG3DUGKD63\OD
0RUJDQ.DXIPDQQ3XE ,QF S

7KLVWH[WERRNRQIURQWHQGFRPSXWHUSURJUDPPLQJ
SURYLGHV GHVLJQHUV DQG SURJUDPPHUV ZLWK
SUDFWLFDO LQIRUPDWLRQ RQ WKH GHVLJQ RI XVHU
LQWHUIDFHV WKDW GH¿QLWLYHO\ HQKDQFH WKH XVHU
H[SHULHQFH 8; 7RSLFV GLVFXVVHG LQFOXGH
JHQHUDO SULQFLSOHV RI 8; GHVLJQ FRQWH[WXDO
DQDO\VLVFRQVWUXFWLQJGHVLJQLQIRUPLQJPRGHOV
8;JRDOVPHWULFVDQGWDUJHWVUDSLGHYDOXDWLRQ
PHWKRGV 8;PHWKRGV IRU DJLOH GHYHORSPHQW
SURFHVVHVDQGLQWHJUDWLRQZLWKJHQHUDOVRIWZDUH
HQJLQHHULQJ&KDSWHUVLQFOXGHFOHDUREMHFWLYHV
FRORULOOXVWUDWLRQVFDVHVWXGLHVLQWHUYLHZVZLWK
SUDFWLWLRQHUVDQGFKDSWHUH[HUFLVHV+DUVWRQLV
D8;FRQVXOWDQWDQG3\ODLVDVHQLRU8;VSHFLDOLVW
ZLWKDPRELOHVRIWZDUHGHYHORSPHQW¿UP
4$
5HDOWLPHDQGHPEHGGHG WHFKQRORJ\DQG
DSSOLFDWLRQVSURFHHGLQJV
,(((5HDO7LPHDQG(PEHGGHG7HFKQRORJ\DQG
$SSOLFDWLRQV6\PSRVLXPWK%HLMLQJ
&KLQD
&RPSXWHU6RFLHW\3UHVVS
SD
7KHV\PSRVLXPUHWXUQVWR$VLDDIWHU\HDUV
DQGFRQWLQXHVWRVKLIWLWVHPSKDVLVIURPEDVLF
VFLHQFH WR DSSOLFDWLRQV DQG V\VWHPV 7KH
 SDSHUV FRYHU UHVRXUFHPDQDJHPHQW DQG
VFKHGXOLQJUHDOWLPHDUFKLWHFWXUHVIRUPHPRU\
VWRUDJH DQG FDFKHV UHDOWLPH V\VWHPV ZLWK
WHPSHUDWXUHFRQVWUDLQWVKDUGZLUHGVRIWZLUHG
FRGHVLJQ UHDOWLPH DSSOLFDWLRQVPRGHOV DQG
DQDO\VLVPHWKRGV IRU UHDOWLPH DUFKLWHFWXUHV
UHDOWLPHRSHUDWLQJV\VWHPVDQGWRROVZLUHOHVV
VHQVRUQHWZRUNVHQHUJ\HI¿FLHQWGHVLJQVDQG
GHVLJQLQJ HI¿FLHQW WDVNPRGHOV 7KHUH LV QR
VXEMHFWLQGH[
4$
0XOWLPHGLD LPDJH DQG YLGHR SURFHVVLQJ
GHG
7LWOHPDLQHQWU\(GE\/LQJ*XDQHWDO,PDJH
SURFHVVLQJVHULHV
&5&3UHVVS
*XDQPXOWLPHGLDDQGFRPSXWHUWHFKQRORJ\DQG
HOHFWULFDODQGFRPSXWHUHQJLQHHULQJ5\HUVRQ8
&DQDGDHWDOEULQJWRJHWKHUFKDSWHUVQHZ
LQWKLVHGLWLRQWKDWH[SORUHUHFHQWGHYHORSPHQWV
LQPXOWLPHGLD UHVHDUFK DQG DSSOLFDWLRQV IRU
UHVHDUFKHUV HGXFDWRUV XQGHUJUDGXDWH DQG
JUDGXDWHVWXGHQWVDQGHQJLQHHUV7KH\FRYHU
VWDQGDUGVLQFOXGLQJYLGHRVWLOOLPDJHDQGDXGLR
FRGLQJPXOWLPHGLD LQWHUIDFH DQGPXOWLPHGLD
IUDPHZRUNIXQGDPHQWDOPHWKRGVIRUKLVWRJUDP
SURFHVVLQJ LPDJH HQKDQFHPHQW DQG IHDWXUH
H[WUDFWLRQ DQG FODVVLILFDWLRQ WKH GHVLJQ RI
DQ HIILFLHQW DSSOLFDWLRQVSHFLILF PXOWLPHGLD
DUFKLWHFWXUH WKH W\SLFDO DUFKLWHFWXUH RI D
PXOWLPHGLDLQIRUPDWLRQPLQLQJV\VWHPUHFHQW
PHWKRGV LQ PXOWLPRGDO LQIRUPDWLRQ IXVLRQ
DQG WKHVWUHQJWKDQGZHDNQHVVHVRIGLIIHUHQW
IXVLRQ OHYHOV DQG ELGLUHFWLRQDO KXPDQWR
FRPSXWHU DQG FRPSXWHUKXPDQ DIIHFWLYH
LQWHUDFWLRQ WHFKQLTXHV 6XEVHTXHQW VHFWLRQV
DGGUHVV WKH FRGLQJ RI YLGHR DQGPXOWLPHGLD
FRQWHQW PXOWLPHGLD VHDUFK UHWULHYDO DQG
PDQDJHPHQW VHFXULW\ LQFOXGLQJPXOWLPHGLD
IRUHQVLFVDQGELRPHWULFVELRPHWULFV\VWHPVDQG
WHFKQLTXHVIRUPHDVXULQJV\VWHPSHUIRUPDQFH
ZDWHUPDUNLQJDQG¿QJHUSULQWLQJDQGFRQWHQW
EDVHG ILQJHUSULQWLQJ FRPPXQLFDWLRQV DQG
QHWZRUNLQJ WKH DUFKLWHFWXUH GHVLJQ DQG
LPSOHPHQWDWLRQIRULPDJHDQGYLGHRSURFHVVLQJ
DQGV\VWHPVDQGDSSOLFDWLRQVVXFKDVDPL[HG
UHDOLW\HQYLURQPHQWIRUOHDUQLQJDQGD6HFRQG
/LIH+XJ0HSURWRW\SHV\VWHPWKDWEULGJHVWKH
JDSEHWZHHQYLUWXDODQGUHDOZRUOGHYHQWV
4$
7KH DUW RI GLIIHUHQWLDWLQJ FRPSXWHU
SURJUDPV DQ LQWURGXFWLRQ WR DOJRULWKPLF
GLIIHUHQWDWLRQ
1DXPDQQ8ZH6RIWZDUHHQYLURQPHQWVDQG
WRROV
6,$0SSD
1DXPDQQ FRPSXWHU VFLHQFH 5KHQLVK
:HVWSKDOLDQ 7HFKQLFDO 8 $DFKHQ *HUPDQ\
GHVFULEHVDVHWRIWHFKQLTXHVIRUPRGLI\LQJWKH
VHPDQWLFVRIQXPHULFDOVLPXODWLRQSURJUDPVVXFK
WKDWWKHGHVLUHG¿UVWDQGKLJKHUGHULYDWLYHVFDQ
EHFRPSXWHGDFFXUDWHO\DQGHI¿FLHQWO\%HFDXVH
FRPSXWHUSURJUDPVLPSOHPHQWDOJRULWKPVWKH
SURFHVVLVFDOOHGDOJRULWKPLFGLIIHUHQWLDWLRQ+H
FRYHUV ¿UVW GHULYDWLRQ FRGH KLJKHU GHULYDWLRQ
FRGH DQ LQWURGXFWRU\ WXWRULDO RQ GHULYDWLYH
FRGHFRPSLOHUVDQGDSURWRW\SHGHULYDWLRQFRGH
FRPSLOHU &KDSWHUHQG H[HUFLVHV DUH SURYLGH
ZLWKKLQWVRQVROXWLRQVLQWKHEDFNPDWWHU7KH
VXSSOHPHQWDO ZHEVLWH FRQWDLQV VRXUFHV RI DOO
WKH VRIWZDUH KH GLVFXVVHV IXUWKHU H[HUFLVHV
DQGFRPPHQWVRQWKHLUVROXWLRQVOLQNVWRRWKHU
VLWHVDQGHUUDWD
4$
&DVHVWXG\UHVHDUFKLQVRIWZDUHHQJLQHHULQJ
JXLGHOLQHVDQGH[DPSOHV
5XQHVRQ3HUHWDO
-RKQ:LOH\	6RQVS
6RIWZDUHHQJLQHHUVDQGFRPSXWHUVFLHQWLVWVDW
/XQG8QLYHUVLW\LQ6ZHGHQDQGWKH8QLYHUVLW\RI
+HUWIRUGVKLUHLQ(QJODQGVKDUHWKHLUH[SHULHQFH
RIDGDSWLQJFDVHVWXG\PHWKRGRORJ\IURPRWKHU
¿HOGVDQGDSSO\LQJLWWRVRIWZDUHHQJLQHHULQJ
7KH\ GHVFULEH WKH PHWKRGRORJ\ EXWQRW
VXUSULVLQJO\¿QG WKH EHVWZD\ WR H[SODLQ WKH
FDVHVWXG\DSSURDFKLVZLWKFDVHVWXGLHV7KHLU
WRSLFV LQFOXGH GHVLJQLQJ WKH FDVH VWXG\ GDWD
FROOHFWLRQ VFDOLQJ XS FDVH VWXG\ UHVHDUFK WR
UHDOZRUOG VRIWZDUH SUDFWLFH D FDVH VWXG\ RI
H[WUHPHSURJUDPPLQJLQDVWDJHJDWHFRQWH[W
DQG D ODUJHVFDOH FDVH VWXG\ RI UHTXLUHPHQWV
DQGYHUL¿FDWLRQDOLJQPHQW
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4$
+DQGERRNRIUHVHDUFKRQVHULRXVJDPHVDV
HGXFDWLRQDOEXVLQHVVDQGUHVHDUFKWRROV
Y
7LWOHPDLQ HQWU\ (G E\0DULD0DQXHOD &UX]
&XQKD
,QIRUPDWLRQ6FLHQFH5HIHUHQFH 
S
$UUDQJHG LQ WZR YROXPHV WKLV FROOHFWLRQ
RI DUWLFOHV RQ JDPLQJ SUHVHQWV VL[W\WKUHH
HVVD\V VKRZFDVLQJ FXUUHQW VFKRODUVKLS LQ
WKHXVHRIJDPHVDQGJDPHSURFHVVHV LQ WKH
GHYHORSPHQWRIHGXFDWLRQDOWRROVEXVLQHVVGDWD
DFTXLVLWLRQ SURFHVVHV DQG KHDOWK DQG KHDOWK
FDUHLPSURYHPHQWSURJUDPV9ROXPHRQHFRYHUV
WRSLFVUHODWLQJWRJDPHWHFKQRORJ\DVOHDUQLQJ
WRROV WHFKQRORJLFDODVSHFWVRIVHULRXVJDPHV
SV\FKRORJLFDODQGVRFLDOHIIHFWVRIJDPLQJDQG
DSSOLFDWLRQV IRU EXVLQHVV 9ROXPH WZR FRYHUV
JDPH DSSOLFDWLRQV LQ HGXFDWLRQ JDPHV LQ
UHVHDUFKDQGGHYHORSPHQWSURJUDPVJDPLQJDQG
WKHGHIHQVHLQGXVWU\DQGDSSOLFDWLRQVLQHKHDOWK
DQG KHDOWK FDUH ,QGLYLGXDO HVVD\V LQFOXGH
DEVWUDFWV LOOXVWUDWLRQV WDEOHV ELEOLRJUDSKLHV
DQGQRWHVDQGDSXEOLFDWLRQZLGHFRPSLODWLRQRI
UHDGLQJUHVRXUFHVLVSURYLGHG&RQWULEXWRUVDUH
DFDGHPLFVLQFRPSXWHUDQGEHKDYLRUDOVFLHQFHV
IURPLQVWLWXWLRQVDURXQGWKHZRUOG
4$
$QRQ\PRXV VHFXU L W\  V\VWHPV DQG
DSSOLFDWLRQVUHTXLUHPHQWVDQGVROXWLRQV
7DPXUD6KLQVXNH
,QIRUPDWLRQ6FLHQFH5HIHUHQFHS

7DPXUD HQJLQHHULQJ 8 RI )XNXL -DSDQ
GLVFXVVHV WKH UHTXLUHPHQWV IRU DQRQ\PRXV
VHFXULW\ WHFKQRORJLHVGHVLJQHG WRREVFXUH WKH
LGHQWLWLHVRIXVHUVDQGWKHIXQGDPHQWDOVHFXULW\
FRPSRQHQWVVXFKDVHQFU\SWLRQ IXQFWLRQVDQG
GLJLWDOVLJQDWXUHV+HWKHQGLVFXVVHVVFKHPHV
IRUSURWHFWLQJGDWDRZQHGE\DQRQ\PRXVHQWLWLHV
IURP LOOHJLWLPDWHPRGL¿FDWLRQV GHOHWLRQV DQG
DGGLWLRQV DVZHOO DV VFKHPHV IRU H[FKDQJLQJ
PHVVDJHV ZLWKRXW GLVFORVLQJ LGHQWLWLHV RI
VHQGHUVRUUHFHLYHUVWRRWKHUVDQGFDOFXODWLQJ
DJJUHJDWH YDOXHV RI GDWD ZLWKRXW NQRZLQJ
WKHLULQGLYLGXDOYDOXHV7KHODVWVHFWLRQFRYHUV
DQRQ\PRXV DXWKHQWLFDWLRQ V\VWHPV DQG
HOHFWURQLF SD\PHQW HOHFWURQLF SURFXUHPHQW
DQGHOHFWURQLFJRYHUQDQFHV\VWHPVHYRWLQJ
4$
&\EHUVHFXULW\SROLF\JXLGHERRN
7LWOHPDLQHQWU\(GE\-HQQLIHU/%D\XNHWDO
-RKQ:LOH\	6RQVS
%D\XNDF\EHUVHFXULW\FRQVXOWDQWZKRWHDFKHV
DW 6WHYHQV ,QVWLWXWH RI 7HFKQRORJ\ HW DO
H[DPLQH FXUUHQW RUJDQL]DWLRQDO F\EHUVHFXULW\
SROLF\LVVXHVIRUVWXGHQWVVFKRODUVH[HFXWLYH
DGYLVRUVHGXFDWRUVUHVHDUFKHUVOHJLVODWLYHVWDII
SUDFWLWLRQHUVDQGWHFKQLFDOGHFLVLRQPDNHUV7KH\
LQWHJUDWHH[SODQDWLRQVRISROLF\DFURVVH[HFXWLYH
OHJLVODWLYHMXGLFLDU\FRPPHUFLDOPLOLWDU\DQG
GLSORPDWLFDUHDVDQGGHVFULEHWKHUHODWLRQVKLS
EHWZHHQF\EHUVSDFHF\EHUVHFXULW\DQGSROLF\
WKHKLVWRU\DQGGRPDLQVRIF\EHUVHFXULW\WKH
VWDWH RI SUDFWLFH LQPHDVXUHPHQW ZLWK FDVH
VWXGLHV RI HFRPPHUFH LQGXVWULDO FRQWURO
V\VWHPVDQGSHUVRQDOPRELOHGHYLFHVJXLGDQFH
IRUGHFLVLRQPDNHUVRQHVWDEOLVKLQJDVWUDWHJ\
DQG SROLF\ DQG WKHLU LQWHJUDWLRQ ZLWK WKH
RUJDQL]DWLRQ¶VPLVVLRQDQGSXUSRVHDFDWDORJ
RIYDULRXVLVVXHVLQJRYHUQDQFHXVHUVFRQÀLFW
PDQDJHPHQW DQG LQIUDVWUXFWXUH DQG VSHFL¿F
SROLFLHV DQG H[SODQDWLRQV WKH HQYLURQPHQW
IDFHG E\ GHFLVLRQPDNHUV HIIRUWV E\ WKH 86
JRYHUQPHQWWRDOLJQF\EHUVHFXULW\VWUDWHJ\DQG
SROLF\DQGWKHLPSDFWRIKLVWRULFDOHYHQWV
4$
)RXQGDWLRQVRISUHGLFWLYHDQDO\WLFV
:X-DPHVDQG6WHSKHQ&RJJHVKDOO&KDSPDQ
	 +DOO&5& GDWD PLQLQJ DQG NQRZOHGJH
GLVFRYHU\VHULHV
&5&3UHVVS
%RWK ZLWK D 6DQ 'LHJR FRPSDQ\ :X DQG
&RJJHVKDOOVXPPDUL]HWHFKQLTXHVRIGDWDDQDO\VLV
DQGPRGHOLQJWKDWWKH\KDYHHQFRXQWHUHGDQG
XVHGGXULQJWKHLUWZRGHFDGHVHDFKLQDSSOLHG
GDWDPLQLQJDFURVVPDQ\GLIIHUHQW¿HOGV7KH\
SURYLGHWKHLQIRUPDWLRQQHFHVVDU\WRXQGHUVWDQG
WKH FRPPRQ WHFKQLTXHV IRU H[SORUDWRU\ GDWD
DQDO\VLVDQGPRGHOLQJDQGH[SODLQGHWDLOVRIWKH
DOJRULWKPVEHKLQG WKHVH WHFKQLTXHV LQFOXGLQJ
XQGHUO\LQJ DVVXPSWLRQV DQG PDWKHPDWLFDO
IRUPXODWLRQV$PRQJWKHLUWRSLFVDUHSURSHUWLHV
RIVWDWLVWLFDOGLVWULEXWLRQVOLQHDUPRGHOLQJDQG
UHJUHVVLRQ WLPH VHULHV DQDO\VLV SUHSDULQJ
GDWDDQGVHOHFWLQJYDULDEOHVDQGRSWLPL]DWLRQ
PHWKRGV
4$
3UDFWLFDOWH[WPLQLQJDQGVWDWLVWLFDODQDO\VLV
IRUQRQVWUXFWXUHGWH[WGDWDDSSOLFDWLRQV
'9'520LQFOXGHG
0LQHU*DU\HWDO
$FDGHPLF3UHVVS
7KHXQGHUO\LQJSUHPLVHLVWKDWDOPRVWDOOGDWDLQ
GDWDEDVHVWDNHVWKHIRUPRIXQVWUXFWXUHGWH[W
RU VXPPDULHV RI XQVWUXFWXUHG WH[W DQG WKDW
KLVWRULDQVPDUNHWHUVFULPHLQYHVWLJDWRUVDQG
RWKHUVQHHGWRNQRZKRZWRVHDUFKWKDWWH[WIRU
PHDQLQJIXO SDWWHUQVD YHU\ GLIIHUHQW SURFHVV
WKDQUHDGLQJ&RQWULEXWRUVLQDUDQJHRI¿HOGV
VKDUH WKHLU LQVLJKWV DQG H[SHULHQFHZLWK WKH
SURFHVV$IWHU VHWWLQJRXW WKHSULQFLSOHV WKH\
SUHVHQWWXWRULDOVDQGFDVHVWXGLHVWKHQPRYH
RQ WR DGYDQFHG WRSLFV $FDGHPLF 3UHVV LV DQ
LPSULQWRI(OVHYLHU
4$
6SHHFKLPDJHDQGODQJXDJHSURFHVVLQJIRU
KXPDQFRPSXWHULQWHUDFWLRQPXOWLPRGDO
DGYDQFHPHQWV
7LWOHPDLQHQWU\(GE\8PD6KDQNHU7LZDU\
DQG7DQYHHU-6LGGLTXL
,QIRUPDWLRQ6FLHQFH5HIHUHQFHS

7KH ¿UVW VHFWLRQ RI WKLV YROXPH VXUYH\V XVHU
PRGHOLQJ WHFKQLTXHV IRU KXPDQFRPSXWHU
LQWHUDFWLRQ+&,FDWHJRUL]HV+&,DUFKLWHFWXUHV
DFFRUGLQJWRFRJQLWLRQDQGFRPSDUHVLQWHUDFWLYH
FRJQLWLYHPRGHOV RI WKH FRRSHUDWLYH GHVLJQ
HQYLURQPHQW 7KH VHFRQG VHFWLRQ FROOHFWV
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PHWKRGV IRU VSHHFK LPDJH DQG ODQJXDJH
SURFHVVLQJIRUPXOWLPRGDOLQWHUDFWLRQZKLOHWKH
¿QDO VHFWLRQ GHVFULEHVPXOWLPRGDO LQWHUIDFHV
7RSLFV RI WKH  SDSHUV LQFOXGH GLJLWDO DXGLR
VSDWLDOL]DWLRQ +LQGL VSHHFK UHFRJQLWLRQ IURP
YLVXDOFXHVPXOWL¿QJHUJHVWXUHUHFRJQLWLRQDQG
FODVVL¿FDWLRQ+&,IRUHQKDQFHGPHWDVHDUFKLQJ
DQG DXWRPDWLF VSHHFK DQDO\VLV IRU HYDOXDWLQJ
VSHHFKGLVRUGHUV
4$
'VXUIDFHJHRPHWU\DQGUHFRQVWUXFWLRQ
GHYHORSLQJFRQFHSWVDQGDSSOLFDWLRQV
7LWOHPDLQHQWU\(GE\8PHVK&KDQGUD3DWL
,QIRUPDWLRQ6FLHQFH5HIHUHQFHS

&RQWULEXWRUVIURPFRPSXWHUVFLHQFHPHFKDQLFDO
HQJLQHHULQJ LQIRUPDWLRQ VFLHQFH SV\FKRORJ\
DQG RWKHU GLVFLSOLQHV H[SODLQ WHFKQLTXHV IRU
PRGHOLQJWKUHHGLPHQVLRQDOREMHFWVIRUKXPDQ
YLVLRQ HDUOLHU WHFKQLTXHV RQO\ KDG WRPDNH
WKHPRGHO DFFXUDWH HQRXJK WKDW URERWV DQG
FRPSXWHUVFRXOGUHFRJQL]HLW7KHWRSLFVLQFOXGH
SURMHFWLYHJHRPHWU\IRUWKHWKUHHGLPHQVLRQDO
PRGHOLQJ RI REMHFWV WKH WKUHHGLPHQVLRQDO
UHFRQVWUXFWLRQRIXQGHUZDWHUQDWXUDOVFHQHVDQG
REMHFWVXVLQJVWHUHRYLVLRQLPDJHEDVHGWKUHH
GLPHQVLRQDOPRGHOLQJDQGUHQGHULQJIURPVLQJOH
YLHZSHUVSHFWLYHLPDJHVVXUIDFHPRGHOLQJXVLQJ
GLVFUHWHEDVLVIXQFWLRQVIRUUHDOWLPHDXWRPDWLF
LQVSHFWLRQ DQG GHWHFWLQJ DQG UHDVVHPEOLQJ
WKUHHGLPHQVLRQDOFRPSOHPHQWDU\IUDJPHQWV
$6752120<
4%
$GYDQFHV LQPDFKLQH OHDUQLQJ DQG GDWD
PLQLQJIRUDVWURQRP\
7LWOH PDLQ HQWU\ (G E\ 0LFKDHO - :D\ HW
DO &KDSPDQ 	 +DOO&5& GDWD PLQLQJ DQG
NQRZOHGJHGLVFRYHU\VHULHV
&5&3UHVVS
6FLHQWLVWVIURPDOOWKUHHGLVFLSOLQHVORRNDFURVV
WKHERUGHUDWWKHRWKHUVWRGLVFXVVIRXQGDWLRQDO
LVVXHV DVWURQRPLFDO DSSOLFDWLRQV LQ VRXUFH
LGHQWL¿FDWLRQ FODVVL¿FDWLRQ VLJQDO SURFHVVLQJ
WLPHVHULHV DQDO\VLV DQG WKH ODUJHVW GDWD
VHWV DQG PDFKLQH OHDUQLQJ PHWKRGV 7KH
WRSLFV LQFOXGH SUREDELOLW\ DQG VWDWLVWLFV LQ
DVWURQRPLFDOPDFKLQHOHDUQLQJDQGGDWDPLQLQJ
WKH VN\ SL[HOL]DWLRQ IRU FRVPLF PLFURZDYH
EDFNJURXQGPDSSLQJGDWDEDVHGULYHQDQDO\VHV
RIDVWURQRPLFDOVSHFWUDWKHYLUWXDOREVHUYDWRU\
DQG GLVWULEXWHG GDWDPLQLQJ DQG UDQGRPL]HG
DOJRULWKPVIRUPDWULFHVDQGGDWD
4%
5HODWLYLVWLFMHWVIURPDFWLYHJDODFWLFQXFOHL
7LWOHPDLQHQWU\(GE\0DUNXV%RHWWFKHUHWDO
:LOH\9&+S
0XFKUHPDLQVXQNQRZQDERXWH[WUDJDODFWLFMHWV
VXFKDVZKDWWKH\DUHPDGHRIDQGKRZWKH\
DUHODXQFKHGDFFHOHUDWHGDQGFROOLPDWHGVRPH
REVHUYDWLRQDO HYLGHQFH LV DYDLODEOH DQG VRPH
WKHRULHV KDYH EHHQ GHYLVHG EXW WKH\ GR QRW
¿WWRJHWKHUYHU\ZHOO1HYHUWKHOHVVVSHFLDOLVWV
KDYHFRPSLOHGZKDWLVNQRZQLQWRDUHIHUHQFH
DQGLQVSLUDWLRQIRUJUDGXDWHVWXGHQWVWHDFKHUV
DQG UHVHDUFKHUVZKR DUH LQWHUHVWHG LQ DFWLYH
JDODFWLF QXFOHL DQG WKHLU UHODWLYLVWLF RXWÀRZV
$IWHUDQLQWURGXFWLRQDQGKLVWRU\WKH\ORRNDW
WKHRU\ EDVLFV SKHQRPHQRORJ\ DQG SDUWLFOH
DFFHOHUDWLRQLQWXUEXOHQWPDJQHWRK\GURG\QDPLFV
VKRFNV
3+<6,&6
4&
8QGHUVWDQGLQJ SK\VLFV DQG SK\VLFDO
FKHPLVWU\XVLQJ IRUPDOJUDSKV &'520
LQFOXGHG
9LHLO(ULF
&5&3UHVVS
9LHLO D UHVHDUFKHU LQ SK\VLFDO FKHPLVWU\
ZLWK WKH )UHQFK $OWHUQDWLYH (QHUJLHV DQG
$WRPLF(QHUJ\&RPPLVVLRQ&($LQ*UHQREOH
SUHVHQWV D XQLYHUVDO WRRO NLW)RUPDO *UDSKV
IRU XQGHUVWDQGLQJ DZLGH UDQJH RI VFLHQWL¿F
GRPDLQV$)RUPDO*UDSKLVDQRWKHUZD\WRZULWH
HTXDWLRQVKHVD\VWKDWGLIIHUVIURPDOJHEUDE\
GUDZLQJUHODWLRQVKLSV LQVWHDGRIZULWLQJWKHP
DQGE\LQYROYLQJWKHQRWLRQRIRUGHUWRSRORJ\
WR EH SUHFLVH +HZULWHVPDLQO\ IRU JUDGXDWH
VWXGHQWV UHVHDUFKHUV DQG VSHFLDOLVWV DQG
HQJLQHHUV WKH SURFHVV LWVHOI ZRXOG HYHQ EH
DFFHVVLEOHWRXQGHUJUDGXDWHVWXGHQWVEXWWKH
ERRNXVHVVRPHQRWLRQVWKDWXQGHUJUDGXDWHVZLOO
QRWKDYHVWXGLHG\HW7KHGLVNFRQWDLQVDOOWKH
JUDSKVLQFRORUELWPDS¿OHVDQGVRIWZDUHIRU
EXLOGLQJVLPSOHHOHFWULFFLUFXLWVDQGWUDQVODWLQJ
WKHPLQWR)RUPDO*UDSKV
4&
7KHGUHDPVWKDWVWXIILVPDGHRIWKHPRVW
DVWRXQGLQJSDSHUVRQTXDQWXPSK\VLFV
DQGKRZWKH\VKRRNWKHVFLHQWL¿FZRUOG
7LWOHPDLQHQWU\(GE\6WHSKHQ+DZNLQJ
5XQQLQJ3UHVVS
+DZNLQJ  WKHRUHW L FD O  FRVPRORJ\ DQG
PDWKHPDWLFV8RI&DPEULGJHEULQJVWRJHWKHU
WKHPRVWSDUDGLJPVKLIWLQJZRUNVRQTXDQWXP
SK\VLFVLQWKHWKFHQWXU\JLYLQJLQVLJKWLQWR
KRZ HDFK VHOHFWHG SDSHU VKDWWHUHG SUHYLRXV
VFLHQWL¿F XQGHUVWDQGLQJ RI 1HZWRQLDQ SK\VLFV
DQGLQWLPHFUHDWHGHQWLUHO\QHZIUDPHZRUNV
E\ZKLFK WRXQGHUVWDQG WKHQDWXUHRIPDWWHU
TXDQWXPPHFKDQLFV DQG VXEDWRPLF SDUWLFOHV
7KH ILUVW WLPH WKH\ KDYH EHHQ SUHVHQWHG
WRJHWKHU SDSHUV IURP OXPLQDULHV VXFK DV
%RKU 3ODQN +HLVHQEHUJ %RUQ 6FKURGLQJHU
)H\QPDQDQG(LQVWHLQDUHVRUWHGLQWRJURXSLQJV
E\ WKH FRQFHSWV WKH\ DGGUHVV DQG SUHIDFHG
E\ DQ LQWURGXFWLRQ E\ +DZNLQJ H[DPLQLQJ
WKH FRQFHSWV WKHLU FRQWH[W DQG UHYROXWLRQDU\
TXDOLWLHV6XUSULVLQJO\UHDGDEOHDQGWKRXJKWIXOO\
FXUDWHG+DZNLQJGHOLYHUVKLVFXVWRPDU\FODULW\
DQGLQIHFWLRXVVHQVHRIZRQGHU
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4&
0DJQHWLFQDQRSDUWLFOHVIURPIDEULFDWLRQWR
FOLQLFDODSSOLFDWLRQV
7LWOHPDLQHQWU\(GE\1JX\HQ7.7KDQK
&5&3UHVVS
%LRPHGLFDO HQJLQHHUV DORQJ ZLWK VFLHQWLVWV
WRZDUG WKH HQJLQHHULQJ DQG SK\VLFDO VFLHQFH
VLGH DQG WRZDUG WKH ELRORJ\ DQGPHGLFLQH
VLGH H[DPLQH PDJQHWLF QDQRSDUWLFOHV DQG
WKH DSSOLFDWLRQV LQ KHDOWK FDUH 7KHLU WRSLFV
LQFOXGH V\QWKHVL]LQJ DQG FKDUDFWHUL]LQJ LURQ
R[LGH IHUULWH QDQRSDUWLFOHV DQG IHUULWHEDVHG
DTXHRXV ÀXLGV WKH IXQFWLRQDOL]LQJPDJQHWLF
LURQ R[LGH QDQRSDUWLFOHV VHSDUDWLQJ DQG
FKDUDFWHUL]LQJPDJQHWLF SDUWLFXODWHPDWHULDOV
SXWWLQJ WKHUDSHXWLF QDQRSDUWLFOHVZKHUH WKH\
QHHG WR JR E\PDJQHW V\VWHPV GHVLJQ DQG
FRQWURO DQG VXUJLFDOPDJQHWLF V\VWHPV DQG
WUDFHUVIRUFDQFHUVWDJLQJ
4&
6ROLGVWDWHSURWRQFRQGXFWRUVSURSHUWLHV
DQGDSSOLFDWLRQVLQIXHOFHOOV
7LWOH PDLQ HQWU\ (G E\ 3KLOLSSH .QDXWK DQG
0DULD/XLVD'L9RQD
-RKQ:LOH\	6RQVS
,QWHUQDWLRQDO FRQWULEXWRUV GHVFULEH WKH ODWHVW
ZRUNRQFKDUDFWHUL]DWLRQWHFKQLTXHVPRGHOLQJ
DQG SK\VLFDO DQG FKHPLFDO SURSHUWLHV RI VROLG
VWDWHRUJDQLFDQGLQRUJDQLFSURWRQFRQGXFWRUV
&RYHUDJH HQFRPSDVVHV PRUSKRORJ\ DQG
VWUXFWXUHRIVROLGDFLGVVWUXFWXUHDQGGLIIXVLYLW\
LQ SURWRQFRQGXFWLQJPHPEUDQHV VWXGLHG E\
TXDVLHODVWLF QHXWURQ VFDWWHULQJ EURDGEDQG
GLHOHFWULF VSHFWURVFRS\ DQGPHFKDQLFDO DQG
G\QDPLF PHFKDQLFDO DQDO\VLV RI SURWRQ
FRQGXFWLQJSRO\PHUV$OVRFRYHUHGDUHDELQLWLR
PRGHOLQJRIWKHWUDQVSRUWDQGVWUXFWXUHRIVROLG
VWDWHSURWRQFRQGXFWRUVSHUÀXRULQDWHGVXOIRQLF
DFLGVDVSURWRQFRQGXFWRUPHPEUDQHVSURWRQ
FRQGXFWLYLW\RIDURPDWLFSRO\PHUVDQGLQRUJDQLF
VROLGSURWRQFRQGXFWRUV7KHERRNLQFOXGHVFRORU
DQGE	ZGLDJUDPVDQGLPDJHVRQHYHU\SDJH
.QDXWKLVDI¿OLDWHGZLWK$L[0DUVHLOOH8QLYHUVLW\
)UDQFH'L9RQDLVDI¿OLDWHGZLWKWKH8QLYHUVLW\
RI5RPH7RU9HUJDWD,WDO\
4&
1RQOLQHDU RSWLFDO V\VWHPV SULQFLSOHV
SKHQRPHQD  DQG DGYDQFHG V LJQDO
SURFHVVLQJ
7LWOHPDLQ HQWU\ (G E\ /H 1JX\HQ %LQK DQG
'DQJ9DQ/LHW2SWLFVDQGSKRWRQLFV
&5&3UHVVS
7KH LQWHUDFWLRQ EHWZHHQPXOWLSOH HOHPHQWV RI
DQHQJLQHHUHGV\VWHPIRUH[DPSOHFDSDFLWRUV
LQGXFWRUVDQGODVHU¿EHUVLQDQHQHUJ\VWRUDJH
V\VWHPEHFRPH VR FRPSOH[ WKDW QRQOLQHDU
WHFKQLTXHV DUH UHTXLUHG WR DQDO\]H WKHP
+HUH SK\VLFLVWV DQG HOHFWULFDO DQG HOHFWURQLF
HQJLQHHUV WUHDW VXFK QRQOLQHDU V\VWHPV LQ
WHUPVRIIXQGDPHQWDOSULQFLSOHVDQGDVVRFLDWHG
SKHQRPHQD DQG WKHLU DSSOLFDWLRQV LQ VLJQDO
SURFHVVLQJ LQ FRQWHPSRUDU\ RSWLFDO V\VWHPV
IRU FRPPXQLFDWLRQV DQG ODVHU V\VWHPV 7KH\
LQFOXGHDWRXFKRIPDWKHPDWLFDOUHSUHVHQWDWLRQ
RI QRQOLQHDU HTXDWLRQV ZKLFK SURYLGHV VRPH
LQVLJKWLQWRWKHQRQOLQHDUG\QDPLFVDWGLIIHUHQW
SKDVHV $PRQJ WKH WRSLFV DUH VROLWRQ ILEHU
ODVHUVPXOWLERXQG VROLWRQV WKH GHWHUPLQLVWLF
G\QDPLFV RI VROLWRQV LQ SDVVLYHPRGHORFNHG
¿EHU ODVHUV QRQOLQHDU ¿EHU ULQJ ODVHUV DQG
QRQOLQHDUSKRWRQLFVLJQDOSURFHVVLQJXVLQJWKLUG
RUGHUQRQOLQHDULW\
4&
'LJLWDOKRORJUDSK\
3LFDUW3DVFDODQG-XQFKDQJ/L
,67(:LOH\S
)RUHQJLQHHUVUHVHDUFKHUVDQGVFLHQFHVWXGHQWV
DW WKHPDVWHU¶V OHYHO 3LFDUW HQJLQHHULQJ 8
RI 0DLQH )UDQFH DQG /L ODVHU DSSOLFDWLRQV
.XQPLQJ 8 RI 6FLHQFHV DQG 7HFKQRORJLHV
&KLQDH[SODLQ WKHPDWKHPDWLFDODQGSK\VLFDO
HOHPHQWVRIGLJLWDOKRORJUDSK\$IWHUUHYLHZLQJ
WKHPDWKHPDWLFDOSUHUHTXLVLWHVWKH\GLVFXVVWKH
VFDODUWKHRU\RIGLIIUDFWLRQFDOFXODWLQJGLIIUDFWLRQ
E\ IDVW )RXULHU WUDQVIRUP IXQGDPHQWDOV RI
KRORJUDSK\GLJLWDORIID[LV)UHVQHOKRORJUDSK\
UHFRQVWUXFWLQJZDYHIURQWVSURSDJDWHGWKURXJK
DQ RSWLFDO V\VWHP DQG GLJLWDO KRORJUDSK\
LQWHUIHURPHWU\DQGLWVDSSOLFDWLRQ
4&
;UD\ SKRWRHOHFWURQ VSHFWURVFRS\ DQ
LQWURGXFWLRQWRSULQFLSOHVDQGSUDFWLFHV
9DQGHU+HLGH3DXO
-RKQ:LOH\	6RQVS
$XWKRUYDQGHU+HLGH PRVW UHFHQWO\6XUIDFH
$QDO\VLV 'HSDUWPHQW 6DPVXQJ $XVWLQ
6HPLFRQGXFWRU RIIHUV D GHWDLOHG LQWURGXFWLRQ
WRWKH¿HOGRI;UD\SKRWRHOHFWURQVSHFWURVFRS\
;36+HGH¿QHVDQGGHVFULEHVNH\FRQFHSWVDQG
LGHQWL¿HVH[DPSOHVRI UHDOZRUOG DSSOLFDWLRQV
7RSLFVLQFOXGH;36LQVWUXPHQWDWLRQGDWDFROOHFWLRQ
DQGTXDQWL¿FDWLRQVSHFWUDOLQWHUSUHWDWLRQDQG
FDVHVWXGLHV$QXPEHURIYHU\KHOSIXOIHDWXUHV
DUHLQFOXGHGDVHULHVRILQIRUPDWLYHDSSHQGLFHV
DWHFKQLTXHDEEUHYLDWLRQVOLVWDJORVVDU\DQG
D TXHVWLRQ DQG DQVZHU VHFWLRQ GHVLJQHG WR
PHDVXUHWKHUHDGHU¶VFRPSUHKHQVLRQRIWKHWH[W
4&
)XQFWLRQDOL]DWLRQ RI VHPLFRQGXFWRU
VXUIDFHV
7LWOHPDLQHQWU\(GE\)UDQNOLQ)HQJ7DRDQG
6WHYHQ/%HUQDVHN
-RKQ:LOH\	6RQVS
86 DQG $VLDQ FKHPLVWV GHVFULEH ERWK WKH
EDVLF VFLHQFH DQG FXUUHQW DSSOLFDWLRQV RI
IXQFWLRQDOL]LQJVHPLFRQGXFWRUVXUIDFHVWKURXJK
GLUHFWPROHFXODU DWWDFKPHQW LQ RUGHU WR WDLORU
WKHFKHPLFDOSK\VLFDORUHOHFWURQLFSURSHUWLHV
RI WKH VXUIDFHV:ULWLQJ IRU UHVHDUFKHUV DQG
VWXGHQWVWKH\FRQVLGHUVXFKWRSLFVDVVWUXFWXUHV
RIVHPLFRQGXFWRUVXUIDFHVDGRULJLQVRIVXUIDFH
UHDFWLYLW\ZLWKRUJDQLFPROHFXOHVWKHFKHPLFDO
ELQGLQJ RI ¿YHPHPEHUHG DQG VL[PHPEHUHG
DURPDWLFPROHFXOHVDELQLWLRPROHFXODUG\QDPLFV
VWXGLHVRIFRQMXJDWHGGLHQHVRQVHPLFRQGXFWRU
VXUIDFHVIRUPLQJRUJDQLFPRQROD\HUVWKURXJK
ZHW FKHPLVWU\DQG LPPRELOL]LQJELRPROHFXOHV
DWVHPLFRQGXFWRULQWHUIDFHV
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4&
:LGHEDQGVORZZDYHV\VWHPVVLPXODWLRQ
DQGDSSOLFDWLRQV
7LWOHPDLQHQWU\(GE\6WDQLVORYDV6WDUDVHW
DO
&5&3UHVVS
$ WHDP RI /LWKXDQLDQ UHVHDUFKHUV H[SODLQ
HOHFWURG\QDPLF PXOWLFRQGXFWRU OLQH DQG
QXPHULFDOPHWKRGV WKH\ KDYH GHYHORSHG WR
DQDO\]H V\QWKHVL]H DQG GHVLJQ VORZZDYH
VWUXFWXUHV IRUPRGHUQ HOHFWURQLF GHYLFHVZLWK
VXSHUZLGHSDVVEDQGV7KHLUWRSLFVLQFOXGHWKH
DQDO\VLV RI QRQKRPRJHQHRXV KHOLFDO V\VWHPV
XVLQJ HOHFWURG\QDPLFDOPHWKRGV FDOFXODWLQJ
FKDUDFWHULVWLF LPSHGDQFH RI PXOWLFRQGXFWRU
OLQHV LQYHVWLJDWLQJ VORZZDYH V\VWHPV ZLWK
YHUVDWLOHHOHFWURPDJQHWLFVLPXODWLRQDQGGHVLJQ
WRROVDSSO\LQJVORZZDYHVWUXFWXUHVWRGHÀHFW
HOHFWURQEHDPVDQGWKHFRPSXWHUDLGHGGHVLJQ
RI HOHFWURG\QDPLFDO GHOD\ OLQHV 0XFK RI WKH
PDWHULDO KDV QRW EHHQ SXEOLVKHG LQ (QJOLVK
EHIRUH
4&
1RQOLQHDU ODVHUG\QDPLFV IURPTXDQWXP
GRWVWRFU\SWRJUDSK\
7LWOHPDLQHQWU\(GE\.DWK\/GJH5HYLHZV
LQQRQOLQHDUG\QDPLFVDQGFRPSOH[LW\
:LOH\9&+S
3K\VLFLVWV DQG HQJLQHHUV VXUYH\ UHFHQW
GHYHORSPHQWV LQ WKHPDWKHPDWLFDO SK\VLFDO
DQG H[SHULPHQWDO DVSHFWV RI QRQOLQHDU ODVHU
G\QDPLFV7KHVHFWLRQRQQDQRVWUXFWXUHGGHYLFHV
UHYLHZV WKHG\QDPLFSURSHUWLHVDQGPRGHOLQJ
DVSHFWVRITXDQWXPGRW ODVHUVYHUWLFDOFDYLW\
VXUIDFHHPLWWLQJODVHUVDQGTXDQWXPFDVFDGH
ODVHUV $ VHFRQG VHFWLRQ RQ FRXSOHG ODVHU
GHYLFHVIRFXVHVRQWKHFRPSOH[G\QDPLFVDQG
ELIXUFDWLRQV LQGXFHG E\ VHOIFRXSOLQJ GHOD\
FRXSOLQJ RUPRGH FRXSOLQJ ODVHUV 7KH ¿QDO
VHFWLRQLVRQV\QFKURQL]DWLRQDQGFU\SWRJUDSK\
DQGGLVFXVVHVWKHFKDRWLFG\QDPLFVRIH[FLWDEOH
V\VWHPV DQG WKHLU DSSOLFDWLRQ IRU VHFXUH
FRPPXQLFDWLRQRUIRUJHQHUDWLQJV\QFKURQL]HG
FOXVWHUVWDWHVLQQHWZRUNV
4&
5) OLQHDU DFFHOHUDWRUV IRUPHGLFDO DQG
LQGXVWULDODSSOLFDWLRQV
+DQQD6DP\
$UWHFK+RXVHS
+DQQD DQ HQJLQHHU ZKR KHDGV D FRQVXOWLQJ
FRPSDQ\ LQ 5) UDGLR IUHTXHQF\ HQJLQHHULQJ
DQG KDV WDXJKW HOHFWULFDO HQJLQHHULQJ DW
XQLYHUVLWLHV RYHUYLHZV WKH DSSOLFDWLRQV RI 5)
OLQHDUDFFHOHUDWRUVDQGWKHEDVLFFRQFHSWVUHODWHG
WRWKHLURSHUDWLRQ+HH[SODLQVWKHPDQXIDFWXULQJ
SURFHVV EHKLQG FRPPHUFLDO DFFHOHUDWRUV WR
SURIHVVLRQDOVOLNHHQJLQHHUVPHGLFDOSK\VLFLVWV
RQFRORJLVWV DQG FKHPLVWV DQGPHGLFDO DQG
LQGXVWULDODSSOLFDWLRQVVXFKDVFDQFHUUDGLDWLRQ
WKHUDS\ HQYLURQPHQWDO DSSOLFDWLRQV WKH
VWHULOL]DWLRQ RI PHGLFDO SURGXFWV DQG IRRG
LUUDGLDWLRQZDVWHZDWHUWUHDWPHQWDQGVHFXULW\
DQG LQVSHFWLRQDSSOLFDWLRQVDVZHOODV WKH5)
V\VWHPVQHHGHGWRUXQWKHPDQGKRZWKH\DUH
PDQXIDFWXUHG (OHFWURVWDWLF DFFHOHUDWRUV WKDW
DUH DOVR OLQHDU GHYLFHV DUHPHQWLRQHG EULHÀ\
DV DUH VRPH RI WKH FLUFXODU DFFHOHUDWRUV DQG
WKHLU DSSOLFDWLRQV+H HQGVZLWK GLVFXVVLRQ RI
UHFHQWGHYHORSPHQWVDQG IXWXUH WUHQGV LQ WKH
WHFKQRORJ\
&+(0,675<
4'
$SSOLFDWLRQV RI LRQ FKURPDWRJUDSK\ IRU
SKDUPDFHXWLFDO DQG ELRORJLFDO SURGXFWV
ZHEVLWHDFFHVVLQFOXGHG
7LWOHPDLQHQWU\(GE\/RNHVK%KDWWDFKDU\\D
DQG-HIIUH\65RKUHU
-RKQ:LOH\	6RQVS
$FDGHPLF UHVHDUFKHUV LQ ELRORJLFDO ¿HOGV DQG
UHVHDUFKHUVZLWKSXEOLFDJHQFLHVDUHMRLQHGE\
VFLHQWLVWV IURPGUXJDQGHOHFWURQLFHTXLSPHQW
FRPSDQLHV WR H[SORUH WKH FXUUHQW XVH RI WKH
LPDJLQJ WHFKQRORJ\ LQ SKDUPDFHXWLFDO DQG
ELRWHFKQRORJ\FRPSDQLHVHPSKDVL]LQJPHWKRGV
WKDWKDYHEHHQGHYHORSHGDQGYDOLGDWHGRYHUWKH
SDVWWZRGHFDGHV$IWHUUHYLHZLQJWKHSULQFLSOHV
PHFKDQLVP DQG LQVWUXPHQWDWLRQ WKH\ ORRN
LQ WXUQ DW DSSOLFDWLRQV LQ SKDUPDFHXWLFDOV
ELRWHFKQRORJ\DQGYDFFLQHV7KHWRSLFVLQFOXGH
D QHZ SHUVSHFWLYH RQ UHWHQWLRQ SURFHVVHV
LQ LRQH[FOXVLRQ FKURPDWRJUDSK\ WKH LRQ
FKURPDWRJUDSK\ DQDO\VLV RI DPLQRJO\FRVLGH
DQWLELRWLFV DQDO\]LQJ SKDUPDFHXWLFDOV IRU
DXWKHQWLFLW\DQGDGXOWHUDWLRQWZRGLPHQVLRQDO
LRQ FKURPDWRJUDSK\ IRU VLPXOWDQHRXVO\
GHWHUPLQLQJ DPLQR DFLGV DQG FDUERK\GUDWHV
DQGDQDO\]LQJELRORJLFDOSURGXFWV
4'
0DVVVSHFWURPHWU\KDQGERRN
7LWOHPDLQHQWU\(GE\0LNH6/HH:LOH\VHULHV
RQSKDUPDFHXWLFDOVFLHQFHDQGELRWHFKQRORJ\
-RKQ:LOH\	6RQVS
7KHKDQGERRNLVLQWHQGHGWRVHUYHDVDUHIHUHQFH
IRU EHJLQQHUV SUDFWLWLRQHUV DQG H[SHUWV LQ
PDVVVSHFWURPHWU\DV LW LVXVHG LQDFDGHPLF
EXVLQHVV DQG FOLQLFDO ODERUDWRULHV ,W LV QRW
LQWHQGHG WR EH FRPSUHKHQVLYH EXW SURYLGHV
GHWDLOVDERXWVHOHFWHGDVSHFWVRIWKHWHFKQRORJ\
7KHDUHDVFRYHUHGDUHELRWHFKQRORJ\SURWHLQV
SKDUPDFHXWLFDOV FOLQLFDO DQDO\VLV IRUHQVLFV
VSDFH H[SORUDWLRQ KRPHODQG VHFXULW\ IRRG
DQDO\VLV HQYLURQPHQWDO VFLHQFH JHRORJ\
DUFKDHRORJ\ VXUIDFH DQDO\VLV SRO\PHUV DQG
DQDO\WLFDOWHFKQLTXHV
4'
0DVVVSHFWURPHWU\LQSRO\PHUFKHPLVWU\
7LWOH PDLQ HQWU\ (G E\ &KULVWRSKHU %DUQHU
.RZROOLNHWDO
:LOH\9&+S
&KHPLVWV H[SORUH WKH LPDJLQJ WHFKQRORJ\
DQG LWV DSSOLFDWLRQ WR FKDUDFWHUL]LQJ SRO\PHUV
IURP VXFK SHUVSHFWLYHV DV WKH WDQGHPPDVV
VSHFWURPHWU\ DQDO\VLV RI SRO\PHU VWUXFWXUHV
VXUIDFH DQDO\VLV DQG LPDJLQJ WHFKQLTXHV
DXWRPDWHGGDWDSURFHVVLQJDQGTXDQWL¿FDWLRQLQ
SRO\PHUPDVVVSHFWURPHWU\WKHHOXFLGDWLRQRI
UHDFWLRQPHFKDQLVPVDQGSRO\PHUGHJUDGDWLRQ
6FLHQWLVWVLQHLWKHU¿HOGPD\EHLQWHUHVWHGLQWKH
FRPELQDWLRQ
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4'
0RQROLWKLF VLOLFDV LQ VHSDUDWLRQ VFLHQFH
FRQFHSWV V\QWKHVHV FKDUDFWHUL]DWLRQ
PRGHOLQJDQGDSSOLFDWLRQV
7LWOHPDLQHQWU\(GE\.ODXV.8QJHUHWDO
:LOH\9&+S
5HVHDUFKHUV LQ FKHPLVWU\ DQG FKHPLFDO
HQJLQHHULQJ SKDUPDFHXWLFDOV DQG YDULRXV
PHGLFDOVSHFLDOWLHVVXPPDUL]HWKHFXUUHQWVWDWH
RIPRQROLWKLF VLOLFD FROXPQV IRU VHSDUDWLRQ LQ
KLJKSHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ DV
D QHZ JHQHUDWLRQ RI WHFKQRORJ\ LV UHSODFLQJ
WKH FRPPHUFLDO GHYLFHV UHOHDVHG D GHFDGH
DJR7KHWRSLFVLQFOXGHV\QWKHVLVFRQFHSWVDQG
SUHSDULQJ VLOLFDPRQROLWKV FKDUDFWHUL]LQJ WKH
SRUH VWUXFWXUH FRPSDULQJ WKH SHUIRUPDQFH
RI SDUWLFOHSDFNHG DQGPRQROLWKLF FROXPQV
PRQROLWKLF FKLUDO VWDWLRQDU\ SKDVHV IRU OLTXLG
SKDVHHQDQWLRVHSDUDWLRQWHFKQLTXHVDQGVLOLFD
PRQROLWKV IRU WKH VPDOOVFDOH SXUL¿FDWLRQ RI
GUXJGLVFRYHU\FRPSRXQGV
4'
7KHSK\VLFDOFKHPLVW¶VWRROER[
0HW]JHU5REHUW0
-RKQ:LOH\	6RQVS
,QDQHUDZKHQRYHUVSHFLDOL]DWLRQLVUDPSDQW
VRPHZKDW LQHYLWDEO\ EHFDXVH RI DGYDQFHV LQ
HYHU\¿HOG0HW]JHUFKHPLVWU\8RI$ODEDPD
KDVSUHSDUHGWKLVEURDGFRYHUDJHKDQGERRNWKDW
ZLOOQRGRXEWVHUYHDVDQLPSRUWDQWUHIHUHQFHIRU
\HDUVWRFRPH7KHLQWHQGHGDXGLHQFHLQFOXGHV
EHJLQQLQJ UHVHDUFKHUV ZKR PXVW UHFRQFLOH
FODVVURRP NQRZOHGJHZLWK FXUUHQW SUREOHPV
DSSURDFKHV DQG WHFKQLTXHV LQ UHVHDUFK ODEV
DQGZKRQHHGFRQYHQLHQWDFFHVVWRGLVFLSOLQH
FURVVLQJ IXQGDPHQWDOV DQG FXUUHQW SUDFWLFHV
&RYHUDJH HQFRPSDVVHV SDUWLFOHV IRUFHV DQG
PDWKHPDWLFDOPHWKRGVTXDQWXPPHFKDQLFV
WKHUPRG\QDPLFVVWDWLVWLFDOPHFKDQLFVNLQHWLFV
HTXLOLEULD DQG HOHFWURFKHPLVWU\ V\PPHWU\
VROLGVWDWHSK\VLFVHOHFWULFDOFLUFXLWVDPSOL¿HUV
DQGFRPSXWHUVVRXUFHVVHQVRUVDQGGHWHFWLRQ
PHWKRGVLQVWUXPHQWDQGWRSLFVSHUWDLQLQJWR
FU\VWDOV DQGPROHFXOHV 3UREOHPV RI YDU\LQJ
GLI¿FXOW\DUHLQWHUVSHUVHGWKURXJKRXW
4'
0ROHFXODUPRGHOLQJIRUWKHGHVLJQRIQRYHO
SHUIRUPDQFHFKHPLFDOVDQGPDWHULDOV
7LWOHPDLQHQWU\(GE\%HHQD5DL
&5&3UHVVS
7KLV ERRN GHVFULEHV PROHFXODU PRGHOLQJ
WHFKQLTXHV DQG GHWDLOV D EURDG VSHFWUXP
RI DSSOLFDWLRQV IURP SKDUPDFHXWLFDOV WR
FRQVWUXFWLRQ,WRSHQVZLWKDUHYLHZRIPROHFXODU
PRGHOLQJ WRROV WKHQ SUHVHQWV WKUHH FKDSWHUV
GHDOLQJZLWK WKHPRGHOLQJ RIPLQHUDOUHDJHQW
LQWHUDFWLRQV /DWHU FKDSWHUV H[DPLQH WKH
DSSOLFDWLRQRIPROHFXODUPRGHOLQJWRROV LQ WKH
FUHDWLRQ RI VXUIDFWDQW V\VWHPV WKH GHVLJQ RI
QRYHOSRURXVPDWHULDOVIRULPSURYHGLQGXVWULDO
SURFHVVHV WKH VWXG\ RI ZHWWDELOLW\ RQ VROLG
VXUIDFHVDQGWKHXVHRIGHQVLW\IXQFWLRQDOWKHRU\
LQK\GURJHQVWRUDJHPDWHULDOV VHPLFRQGXFWRU
DOOR\VDQGFHPHQWFOLQNHUFRPSRXQGV,OOXVWUDWHG
ZLWK D ZHDOWK RI FRORU LPDJHV DQG SURFHVV
GLDJUDPVWKHERRNZLOOEHRILQWHUHVWWRSUDFWLFLQJ
HQJLQHHUV DQG FKHPLVWV 5DL LV DI¿OLDWHGZLWK
WKH3URFHVV(QJLQHHULQJ,QQRYDWLRQ/DEDW7DWD
5HVHDUFK'HYHORSPHQW	'HVLJQ&HQWHU
4'
)XQGDPHQWDOVRIWXUEXOHQWDQGPXOWLSKDVH
FRPEXVWLRQ
.XR.HQQHWK.DQG5DJLQL$FKDU\D
-RKQ:LOH\	6RQVS
7KHVXEMHFWLVUHOHYDQWLQGLYHUVH¿HOGVLQFOXGLQJ
WKRVH GHDOLQJZLWK HQHUJ\ WKH HQYLURQPHQW
SURSXOVLRQWUDQVSRUWDWLRQLQGXVWULDOVDIHW\DQG
QDQRWHFKQRORJ\.XRPHFKDQLFDOHQJLQHHULQJ
3HQQV\OYDQLD 6WDWH 8 DQG $FKDU\D 8QLWHG
7HFKQRORJLHV5HVHDUFK&HQWHURIIHUJUDGXDWH
OHYHO VWXGHQWV FRYHUDJH RI WKH EDVLFV DQG
WKH LPSRUWDQFH RI WXUEXOHQW DQGPXOWLSKDVH
FRPEXVWLRQ IROORZHG E\ FKDSWHUV RQ ODPLQDU
SUHPL[HGDQGQRQSUHPL[HGÀDPHVSUHPL[HG
DQG QRQSUHPL[HG ÀDPHVPXOWLSKDVH ÀRZV
ZLWK UHDFWLRQV DQG VSUD\ DWRPL]DWLRQ DQG
FRPEXVWLRQ7KLVLVWKH¿UVWRIWZRYROXPHVVROG
VHSDUDWHO\WKHVHFRQGIRFXVLQJRQDSSOLFDWLRQV
4'
6XSUDPROHFXODUFKHPLVWU\IURPPROHFXOHV
WRQDQRPDWHULDOVY
7LWOH PDLQ HQWU\ (G E\ 3KLOLS $ *DOH DQG
-RQDWKDQ:6WHHG
-RKQ:LOH\	6RQVS
)LIWHHQ\HDUVKDYHHODSVHGVLQFHWKHSUHGHFHVVRU
WR WKLV UHIHUHQFH ZDV SXEOLVKHG LQ 
&RPSUHKHQVLYH 6XSUDPROHFXODU &KHPLVWU\
³VXPPDUL]HGDOORIWKHPDMRUV\VWHPVVWXGLHG
LQ ¿HOGV EDVHG LQ VXSUDPROHFXODU FKHPLVWU\
VLQFH LWV LQFHSWLRQ LQ FODWKUDWH FKHPLVWU\
LQ WKH HDUO\ QLQHWHHQWK FHQWXU\ DQG FDWLRQ
UHFHSWRUFKHPLVWU\LQWKHPLGV´IURPWKH
SUHIDFH7KLVHLJKWYROXPHVHWUHÀHFWVDGYDQFHV
PDGH VLQFH WKHQ LQ LWV FRQWHQW DVZHOO DV LWV
RUJDQL]DWLRQ%HFDXVHVXSUDPROHFXODUFRQFHSWV
KDYHEHFRPHLQWHJUDWHGLQWRDQGLQIDFWXQGHUOLH
PXFKRIPROHFXOHEDVHGVFLHQFHWKHYLVLRQIRU
WKLV UHIHUHQFHZDV WR RIIHU DQ LQWHJUDWHG DQG
LQWHUORFNLQJ VHULHV RI WXWRULDOVW\OH DUWLFOHV
WR DLG DGYDQFHG VWXGHQWV DQGSUDFWLWLRQHUV LQ
¿QGLQJWKHLUZD\WRNH\VFLHQFHDQGWHFKQLTXHV
0DWHULDOLVRUJDQL]HGLQWRWHQVHFWLRQVLQHLJKW
YROXPHV DV IROORZV FRQFHSWV WHFKQLTXHV
PROHFXODUUHFRJQLWLRQVXSUDPROHFXODUFDWDO\VLV
UHDFWLYLW\ VXSUDPROHFXODU FDWDO\VLV FKHPLFDO
ELRORJ\VHOIDVVHPEO\VXSUDPROHFXODUGHYLFHV
VXSUDPROHFXODU PDWHULDOV FKHPLVWU\ VRIW
PDWWHU DQG QDQRWHFKQRORJ\ $ JORVVDU\ DQG
LQGH[ FRQFOXGH WKH HLJKWK YROXPH 7KH WZR
HGLWRUVLQFKLHIRIWKLVLPSRUWDQWVHWDUHDI¿OLDWHG
DVIROORZV3KLOLS$*DOH8RI6RXWKDPSWRQ
8.DQG-RQDWKDQ:6WHHG'XUKDP88.
&+(0,675<
4'
6XSUDPROHFXODUSRO\PHUFKHPLVWU\
7LWOHPDLQHQWU\(GE\$NLUD+DUDGD
:LOH\9&+S
7KLV PRQRJUDSK GHWDLOV D EURDG UDQJH RI
DSSOLFDWLRQVPDGHDYDLODEOHE\VFLHQWL¿FDGYDQFHV
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LQ WKH EXUJHRQLQJ ILHOG RI VXSUDPROHFXODU
FKHPLVWU\LQFOXGLQJGUXJGHOLYHU\DQGFDWDO\VLV
7RSLFVDUHIRUPDWWHGLQWKUHHSDUWVIRUPDWLRQ
RI VXSUDPROHFXODU SRO\PHUV VXSUDPROHFXODU
SRO\PHUVZLWKXQLTXHVWUXFWXUHVDQGSURSHUWLHV
DQGIXQFWLRQV:ULWWHQE\LQGXVWU\SURIHVVLRQDOV
WKHERRNLVLQWHQGHGIRUVXSUDPROHFXODUSRO\PHU
UHVHDUFKHUV EXW DOVR ZRXOG LQWHUHVW \RXQJ
UHVHDUFKHUVDQGVWXGHQWV:KLOHWHFKQLFDOWKH
ZULWLQJLVFOHDUDQGZHOOVXSSRUWHGE\QXPHURXV
KLJKTXDOLW\ LPDJHVDQGLOOXVWUDWLRQV(GLWRU LV
+DUDGD PDFURPROHFXODU VFLHQFH 2VDND 8
-DSDQ
43
'LFWLRQDU\ RI ELRPHGLFDO RSWLFV DQG
ELRSKRWRQLFV
7XFKLQ9DOHU\
63,(SSD
7XFKLQRSWLFVDQGELRPHGLFDOSK\VLFV6DUDWRY
6WDWH 8 5XVVLD GHILQHV DSSUR[LPDWHO\
 WHUPV UHODWHG WR ELRPHGLFDO RSWLFV DQG
ELRSKRWRQLFV 7KH GLFWLRQDU\ LV EDVHG RQ KLV
HDUOLHU ERRN 7LVVXH 2SWLFV /LJKW 6FDWWHULQJ
0HWKRGVDQG,QVWUXPHQWVIRU0HGLFDO'LDJQRVLV
DQG LWV VHFRQG HGLWLRQ DOWKRXJK WHUPV DQG
GH¿QLWLRQVKDYHEHHQH[SDQGHGWRVKRUWDUWLFOHV
WKDWVHUYHDVEULHILQWURGXFWLRQVWRELRPHGLFDO
WRSLFV VXFK DV DFRXVWLFZDYH FKHPRWKHUDS\
LQIUDUHG¿EHUDQGXOWUDKLJKUHVROXWLRQRSWLFDO
FRKHUHQFH WRPRJUDSK\ 7KH ERRN LV DLPHG DW
UHVHDUFKHUVSUDFWLWLRQHUVDQGSURIHVVLRQDOVLQ
ELRPHGLFLQHODVHUSK\VLFVDQGWHFKQRORJ\¿EHU
RSWLFVVSHFWURVFRS\PDWHULDOVFLHQFHELRORJ\
DQGPHGLFLQHDQGJUDGXDWHDQGXQGHUJUDGXDWH
VWXGHQWV VWXG\LQJ ELRPHGLFDO SK\VLFV DQG
HQJLQHHULQJELRPHGLFDORSWLFVDQGELRSKRWRQLFV
DQGPHGLFDOVFLHQFH
43
([WUHPH FKURPDWRJUDSK\ IDVWHU KRWWHU
VPDOOHU
7LWOHPDLQHQWU\(GE\:LOOLDP&UDLJ%\UGZHOO
DQG0LFKDO+ROFDSHN
$2&63UHVVS
/LNHDQ\RWKHU WHFKQRORJ\FKURPDWRJUDSK\ LV
DPL[RIZKDWRQHPLJKWFRQVLGHU µWUDGLWLRQDO¶
PDWXUH IRUPV DV LQ JDV DQG FRQYHQWLRQDO
KLJKSHUIRUPDQFH OLTXLG FKURPDWRJUDSK\DQG
QHZHUGHYHORSPHQWVWKDWH[SDQGWKH¿HOGLWV
FDSDELOLWLHVDQGDSSOLFDWLRQV$QGDVLQRWKHU
WHFKQRORJLHV WKHHYROXWLRQRIQHZWHFKQLTXHV
DQG SUDFWLFHV LQHYLWDEO\ \LHOGV VXFFHVVHV DQG
IDLOXUHV 7KH DXWKRUV KHUH DVVHVV WKH VWDWH
RI WKH DUW RI FKURPDWRJUDSK\ DQG SURYLGH
D UHVRXUFH IRU DQDO\WLFDO FKHPLVWV WR KHOS
WKHP LQ WKHLU GHFLVLRQ PDNLQJ SURFHVVHV
7KH FRPPRQ WKUHDG WKDW UXQV WKURXJK WKH
ERRN LV RQH RI FRQGLWLRQV LQVWUXPHQWV RU
FRPSRQHQWVWKDWZRXOGEHWKRXJKWRIDVH[WUHPH
E\ FRQYHQWLRQDO VWDQGDUGV 7RSLFV LQFOXGH
K\GURSK\OLF LQWHUDFWLRQ FKURPDWRJUDSK\ KLJK
WHPSHUDWXUH OLTXLG FKURPDWRJUDSK\PXOWLSOH
SDUDOOHO PDVV VSHFWURPHWU\ WHFKQLTXHV IRU
OLSLG DQG YLWDPLQ' DQDO\VLV DQG QDQROLTXLG
FKURPDWRJUDSKLF VHSDUDWLRQV (GLWRUV:LOOLDP
&UDLJ %\UGZHOO HGXFDWRU UHVHDUFKHU DXWKRU
DQG0LFKDO+ROFDSHN 8QLYHUVLW\RI3DUGXELFH
&]HFK 5HSXEOLF 0DVV 6SHFWURPHWU\ *URXS
+HDG DQG  FRDXWKRUV FRQWULEXWHG WR WKLV
YROXPHSXEOLVKHGE\WKH$2&63UHVVRI
WKH$PHULFDQ2LO&KHPLVWV¶6RFLHW\
43
3RO\VDFFKDULGHEXLOGLQJEORFNVDVXVWDLQDEOH
DSSURDFKWRUHQHZDEOHELRPDWHULDOV
7LWOH PDLQ HQWU\ (G E\ <RXVVHI +DELEL DQG
/XFLDQ$/XFLD
-RKQ:LOH\	6RQVS
&KHPLVWV IURPPDQ\ FRXQWULHV UHYLHZ WKH
VFLHQFHDQGHQJLQHHULQJRISRO\VDFFKDULGHEDVHG
UHQHZDEOH ELRPDWHULDOVZKLFK DUH SOD\LQJ DQ
LPSRUWDQW UROH LQ WKH HPHUJLQJ ELRPDWHULDOV
DQG ELRHQHUJ\ VFLHQFHV $PRQJ WKHLU WRSLFV
DUHFHOOXORVLFDHURJHOVLQWHUDFWLRQVRIFKLWRVDQ
ZLWKPHWDOV IRU ZDWHU SXUL¿FDWLRQ HOHFWULFDO
FRQGXFWLYLW\DQGSRO\VDFFKDULGHVVWDUFKEDVHG
VXVWDLQDEOHPDWHULDOVDQGWKHSRWHQWLDORI[\ODQV
DVELRPDWHULDOUHVRXUFHV
43
(GLEOH ROHRJHOV VWUXFWXUH DQG KHDOWK
LPSOLFDWLRQV
7LWOHPDLQHQWU\(GE\$OHMDQGUR*0DUDQJRQL
DQG1LVVLP*DUWL
$2&63UHVVS
&RQVXPLQJODUJHDPRXQWVRIVDWXUDWHGDQGWUDQV
IDWVLVDZHOOGRFXPHQWHGDQGSXEOLFL]HGKHDOWK
ULVNIRUREHVLW\DQGW\SH,,GLDEHWHV,QUHFHQW
\HDUV-$2&6WKH-RXUQDORIWKH$PHULFDQ2LO
&KHPLVWV¶6RFLHW\KDVEHHQIHDWXULQJUHVHDUFK
RQDQRYHOFODVVRIROHRJHOVDNDRUJDQRJHOV
WR HOLPLQDWH WKHVH XQKHDOWKIXO IDWV IURP RXU
GLHWVE\VWUXFWXULQJPROHFXOHVLQRLOVWREHKDYH
OLNH VROLG VKRUWHQLQJV 0DUDQJRQL IRRG DQG
VRIWPDWHULDOV VFLHQFH8RI*XHOSK&DQDGD
DQG *DUWL FKHPLVWU\ DQG DSSOLHG FKHPLVWU\
+HEUHZ8RI-HUXVDOHPLQWURGXFHFKDSWHUV
E\ LQWHUQDWLRQDOVFLHQWLVWVZKRUHYLHZDVSHFWV
RIWKLVVWUDWHJ\7KHVHLQFOXGHDGYDQFHVLQWKH
XQGHUVWDQGLQJRIVHOIDVVHPEO\LQQRQDTXHRXV
V\VWHPV DQG QHZPHVRVFDOH DQG QDQRVFDOH
VWUXFWXUHV HJ QDQRILEHUV DQG FU\VWDOOLQH
SDUWLFOHV 7KH & YROXPH LV SXEOLVKHG E\
WKH$2&63UHVVRIWKH$PHULFDQ2LO&KHPLVWV¶
6RFLHW\
0(',&,1(38%/,&$63(&76
5$
3DQGHPLFSODQQLQJ
7LWOHPDLQHQWU\(GE\-(ULF'LHW]DQG'DYLG
5%ODFN
&5&3UHVVS
'LHW]DQG%ODFNERWKDI¿OLDWHGZLWKWKH+RPHODQG
6HFXULW\,QVWLWXWHDW3XUGXH8QLYHUVLW\JDWKHU
FRQWULEXWRUV LQ GLYHUVH ¿HOGV VXFK DV SXEOLF
KHDOWK FRXQWHUWHUURULVP F\EHU VHFXULW\
LQWHUQDWLRQDO DGYRFDF\ DQG HSLGHPLRORJ\ WR
RIIHU UHDGHUV DQ XQGHUVWDQGLQJ RI WKH WKUHDW
RISDQGHPLFLOOQHVV7KHERRNHPSKDVL]HVWKH
LPSRUWDQFH RI SUHSDUHGQHVV DQG SODQQLQJ DW
WKHFRPPXQLW\VWDWHDQGUHJLRQDOOHYHOVZLWK
JXLGHOLQHV DQG UHFRPPHQGDWLRQV SURYLGHG RQ
FRQGXFWLQJ DQG HYDOXDWLQJ VSHFL¿F SODQQLQJ
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H[HUFLVHV &RQWULEXWRUV VXPPDUL]H FXUUHQW
WKUHDWVRISDQGHPLFVDQGKRZWKH\¶UHUHODWHG
WR KRPHODQG VHFXULW\ GHVFULEH WKH XVH RI
FRPSXWHUVLPXODWLRQPRGHOVIRUSODQQLQJDQG
RXWOLQH PDUNHWLQJ SULQFLSOHV IRU SURPRWLQJ
SUHSDUHGQHVV
7(&+12/2*<*(1(5$/
7
7HFKQLFDOZULWLQJSUHVHQWDWLRQDOVNLOOVDQG
RQOLQH FRPPXQLFDWLRQ SURIHVVLRQDO WRROV
DQGLQVLJKWV
*UHHQODZ5D\PRQG
,QIRUPDWLRQ6FLHQFH5HIHUHQFHS

*UHHQODZFRPSXWHUVFLHQFH861DYDO$FDGHP\
RIIHUVJHQHUDODGYLFHRQZULWLQJDPDQXVFULSW
GLVFXVVHV WKH HWKLFDO VWDQGDUGV SXW IRUWK
LQ WKH $&0 FRGH RI HWKLFV DQG SURIHVVLRQDO
FRQGXFWDQGGH¿QHVIRXUUXOHVIRUSURIHVVLRQDO
FRPPXQLFDWLRQ,QGHSHQGHQWFKDSWHUVDGGUHVV
WKH LGLRV\QFUDVLHV SRVHG E\ RQOLQH ZULWLQJ
IRUXPVWKHVWUXFWXUHRIDWHFKQLFDOSDSHUWKH
SUHSDUDWLRQ RI RUDO SUHVHQWDWLRQV DFDGHPLF
UHVXPHV UHSRUWV DQG WKH /$7(; W\SHVHWWLQJ
V\VWHP
7
$QLQWURGXFWLRQWRQHWZRUNPRGHOLQJDQG
VLPXODWLRQIRUWKHSUDFWLFLQJHQJLQHHU
%XUEDQN -DFN HW DO &RP6RF JXLGHV WR
FRPPXQLFDWLRQVWHFKQRORJLHV
:LOH\,(((3UHVVSSD
7KLVERRNLVDUHIHUHQFHDQGJXLGHZULWWHQWRKHOS
HQJLQHHUVDQGVWXGHQWVLGHQWLI\DQGIXOO\XVHWKH
EHVWWRROVIRUQHWZRUNPRGHOLQJDQGVLPXODWLRQ
0	6:KLOHWKHERRNFRQFHQWUDWHVRQZLUHOHVV
QHWZRUN0	6WKHDXWKRUV¶UHFRPPHQGDWLRQVDUH
DSSOLFDEOHWRQHWZRUN0	6RYHUDOO7KH\SURYLGH
JXLGDQFHRQWKHDGYDQWDJHVDQGGLVDGYDQWDJHV
RI0	6DQGDGLVFXVVLRQRIW\SLFDOO\XVHG0	6
WRROV 6RPH VSHFL¿F WRSLFV LQFOXGH0	6 IRU
5) SURSDJDWLRQPHGLXP DFFHVV FRQWURO0	6
KLJKHU OD\HU SURWRFROV KDUGZDUHLQWKHORRS
VLPXODWLRQV DQG RWKHU DVSHFWV $XWKRUV DUH
%XUEDQNFKLHIVFLHQWLVW7KH-RKQV+RSNLQV8
$SSOLHG3K\VLFV/DERUDWRU\.DVFKOHDGHUKLJK
DVVXUDQFH QHWZRUNLQJ VHFWLRQ -RKQV+RSNLQV
$SSOLHG3K\VLFV/DERUDWRU\DQG:DUGOHDGHU
ZLUHOHVV QHWZRUNLQJ VHFWLRQ -RKQV +RSNLQV
$SSOLHG3K\VLFV/DERUDWRU\
7
0LFURQDQRWHFKQRORJ\;,,,SURFHHGLQJV
&KLQHVH 6RFLHW\ RI 0LFUR1DQR 7HFKQRORJ\
&RQIHUHQFH WK  &KDQJFKRZ &KLQD
(G E\ ;LDRKDR :DQJ .H\ HQJLQHHULQJ
PDWHULDOVY
7UDQV7HFK3XEOLFDWLRQVS
SD
7KHSDSHUVFRYHUWKHPLFURQDQRWUDQVGXFHU
DFWXDWRUURERWPLFURÀXLGLFGHYLFHVDQGV\VWHPV
PLFURQDQR IDEULFDWLRQ DQG PHDVXUHPHQW
WHFKQRORJLHVPLFURÀXLGLFVDQGQDQRÀXLGVQDQR
PDWHULDOUHVHDUFKQDQRWXEHQDQRZLUHGHYLFHV
0(061(16 DQG DSSOLFDWLRQV QDQRPHWHU
ELRORJLFDOQDQR PHGLFLQH DQG SDFNDJLQJ
WHFKQRORJ\ $PRQJ VSHFL¿F WRSLFV DUHPLFUR
PDFKLQHG HOHFWURFKHPLFDO VHLVPLF VHQVRUV
ZLWK LQWHUGLJLWDO HOHFWURGHV D VLPSOHPHWKRG
IRUGHSRVLWLQJ'1$RQWKHPLFDDQDQDO\WLFDO
PRGHORIDÀX[JDWHV\VWHPDQDO\]LQJEURNHQ
ZLUHV GXULQJ JROGZLUH ERQGLQJ SURFHVV DQG
DQ LQWHJUDWHGPLFURVHQVRU V\VWHP WR JDWKHU
PHWHRURORJLFDOLQIRUPDWLRQ
(1*,1((5,1**(1(5$/&,9,/
7$
6\VWHPV HQJLQHHULQJ DQG DUFKLWHFWLQJ
FUHDWLQJIRUPDOUHTXLUHPHQWV
%HOODJDPED/DXUHQFH
&5&3UHVVS
7KLVERRNIRUV\VWHPVHQJLQHHUVDQGDUFKLWHFWV
GHVFULEHV D VHW RI IRUPDO UHTXLUHPHQWV
SUHVHQWHG LQ0DWKHPDWLFD FRGH IRU V\VWHPV
HQJLQHHULQJZKLFKFDQEHXVHGWRPRGHOV\VWHP
RUDUFKLWHFWXUHEHKDYLRUPDNHUDWLRQDOGHFLVLRQV
HVWDEOLVK QDWXUDO ODQJXDJH UHTXLUHPHQWV DQG
LPSURYHV\VWHPVHQJLQHHULQJDQGDUFKLWHFWLQJ
SURFHVVHV DQG SURGXFWV %\ XVLQJ WKH IRUPDO
UHTXLUHPHQWV DV SUHVHQWHG WKH ERRN FDQ EH
XVHG DV D WH[W IRU DQ LQWURGXFWRU\ FRXUVH LQ
V\VWHPV HQJLQHHULQJ DQG DUFKLWHFWLQJ 7KH
ERRN DOVR FDQ EH XVHG IRU D JUDGXDWH FRXUVH
WKDW IRFXVHV RQ LPSURYLQJ WKH JLYHQ IRUPDO
UHTXLUHPHQWVDQGGHYHORSLQJQHZRQHVIRURWKHU
WDVNV)DPLOLDULW\ZLWK0DWKHPDWLFDLVDVVXPHG
IRUWKRVHZLWKRXWWKLVSUHUHTXLVLWHWKHUHLVDQ
DSSHQGL[LQWURGXFLQJ0DWKHPDWLFD$FRPSDQLRQ
ZHEVLWH VXSSOLHV WKH IRUPDO UHTXLUHPHQWV
%HOODJDPEDZDVIRUPHUO\DI¿OLDWHGZLWK5RFNZHOO
,QWHUQDWLRQDODQG1RUWKURS*UXPPDQ
7$
(IIHFWLYH )0($V DFKLHYLQJ VDIH UHOLDEOH
DQG HFRQRPLFDO SURGXFWV DQG SURFHVVHV
XVLQJIDLOXUHPRGHDQGHIIHFWVDQDO\VLV
&DUOVRQ &DUO 6 :LOH\ VHULHV LQ TXDOLW\ DQG
UHOLDELOLW\HQJLQHHULQJ
-RKQ:LOH\	6RQVS
7KLV LV DQ LQVWUXFWLRQDO DSSOLFDWLRQV YLHZSRLQW
RI WKH GLIIHUHQW W\SHV RI )DLOXUH 0RGH DQG
(IIHFWV$QDO\VLVXVHGWRDQWLFLSDWHDQGSUHYHQW
SUREOHPVZLWKWKHHQGUHVXOWRIORZHUHGFRVWV
DQGWURXEOHIUHHUHOLDEOHDQGVDIHSURGXFWVDQG
SURFHVVHV&DUOVRQ0HFKDQLFDO(QJLQHHULQJ8
RI0LFKLJDQXVHVKLV FRQVLGHUDEOH NQRZOHGJH
DQG H[SHULHQFH DV D FRFKDLU RI WKH LQGXVWU\
WHDP WKDW GHYHORSHG WKH )0($ VWDQGDUG WR
SURYLGHDFRPSUHKHQVLYH WH[WRXWOLQLQJEDVLFV
RIWKHFRQFHSWKRZWRDSSO\HIIHFWLYH)0($VWR
UHGXFHFRPPRQHUURUVLQJUHGLHQWVIRUH[FHOOHQW
)0($IDFLOLWDWLRQDQGEHVWSUDFWLFHVIRUXVLQJWKH
)0($SURFHVV,QFOXGHVH[DPSOHVGHWDLOHGFDVH
VWXGLHVVWXG\SUREOHPVDQGWLSV WRSURYLGHD
EHWWHUXQGHUVWDQGLQJRIWKHPRGHODQGKRZEHVW
WRDSSO\LW7\SHVRI)0($VDGGUHVVHGLQFOXGH
V\VWHPGHVLJQSURFHVVPDLQWHQDQFHVRIWZDUH
DQGPDQ\RWKHUV&KDSWHUVDOVRDGGUHVV IDXOW
WUHH DQDO\VLV GHVLJQ UHYLHZ EDVHG RQ IDLOXUH
PRGHUHOLDELOLW\FHQWHUHGPDLQWHQDQFHKD]DUG
DQDO\VLVDQG)0(&$DGGLQJDFULWLFDOLW\DQDO\VLV
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WRWRWKHFRUH)0($IUDPHZRUN
7$
,QQRYDWLQJSURFHVVHV
7LWOH PDLQ HQWU\ (G E\ 0RXVVD .DUDPD
$GYDQFHGPDWHULDOVUHVHDUFKY
7UDQV7HFK3XEOLFDWLRQVS
SD
7KLV ERRN JDWKHUV  LQYLWHG SHHUUHYLHZHG
SDSHUVRQWKHGHYHORSPHQWRIQHZHQJLQHHULQJ
GHVLJQPHWKRGV DQG WKH VFLHQFH RI GHVLJQ
PHWKRGVDQGGHVLJQSUDFWLFH0DMRUWKHPHVDUH
XQFHUWDLQW\DQGULVNPDQDJHPHQWLQHQJLQHHULQJ
GHVLJQ VLPXODWLRQ RI GHVLJQ SURFHVVHV
PXOWLGLVFLSOLQDU\ RSWLPL]DWLRQ DQG HGXFDWLRQ
IRU HQJLQHHULQJ GHVLJQ 6RPH VSHFL¿F WRSLFV
LQFOXGHPDQXIDFWXULQJGHIHFWVDQGWRROJHRPHWU\
RSWLPL]DWLRQIRUPXOWLPDWHULDOVWDFNGULOOLQJD
QXPHULFDOPRGHO WR VLPXODWH WKH GURS WHVW RI
DSULQWHGFLUFXLWERDUGDQGG\QDPLFEHKDYLRU
DQDO\VLVIRUDVL[D[LVLQGXVWULDOPDFKLQLQJURERW
2WKHUWRSLFVDUHPHFKDQLFDOPRGHOLQJRIKHPS
¿EHUEHKDYLRUXVLQJGLJLWDOLPDJLQJWUHDWPHQW
RUWKRWURSLFPRGHOSODWHVXQGHUVKHDUEHQGLQJ
DQGSDUHWRRSWLPDOVROXWLRQVIRUDWUXVVSUREOHP
7KHERRNLQFOXGHVE	ZSKRWRVDQGLPDJHV7KHUH
LVQRVXEMHFWLQGH[DQGLQIRUPDWLRQRQWKHHGLWRU
LVQRWDYDLODEOH
7$
$GYDQFHGUHVHDUFKRQPDWHULDOHQJLQHHULQJ
DQGLWVDSSOLFDWLRQSURFHHGLQJV
,QW¶O &RQIHUHQFH RQ ,QIRUPDWLRQ 6FLHQFH
$XWRPDWLRQ 	 0DWHULDO 6\VWHP G 
&KDQJVKD&KLQD(GE\+HOHQ=KDQJDQG'DYLG
-LQ$GYDQFHGPDWHULDOVUHVHDUFKY
7UDQV7HFK3XEOLFDWLRQVS
SD
$ERXWSDSHUVH[SORUHPDWHULDO VFLHQFH LQ
WKH FRQWH[W RI HQHUJ\ DQG G\QDPLF V\VWHPV
SUHVVXUH FRQWURO V\VWHPV DQG PHFKDQLFV
DQG ELRFKHPLVWU\ DQG HQHUJ\ HQJLQHHULQJ
$PRQJVSHFL¿F WRSLFVDUHDQHI¿FLHQWJUDGXDO
UHOHDVH KRPRPRUSKLF WLPHG FRPPLWPHQW
PRGHOLQJ DQG FRQWUROOLQJ WKH OHDFKLQJ UDWH LQ
WKHQLFNHOVWLUOHDFKLQJSURFHVVRIVXOIXULFDFLG
FOHDQ GHJUHH HYDOXDWLRQ RI FRDO UHVRXUFHV
LQÀXHQFLQJSDUDPHWHUVDQDO\VLVRIVRODUHQHUJ\
UHJHQHUDWRUSHUIRUPDQFHDQG WKHVLPXODWLRQ
EDVHGRSWLPL]DWLRQRIRYHUKDQJGLPHQVLRQVZLWK
DUFKLWHFWXUDOPDWHULDOV
7$
$GYDQFHG VWUXFWXUDO DQG IXQFWLRQDO
PDWHULDOVIRUSURWHFWLRQSURFHHGLQJV
,QW¶O 6\PSRVLXP RQ $GYDQFHG 6WUXFWXUDO DQG
)XQFWLRQDO 0DWHULDOV IRU 3URWHFWLRQ 
6LQJDSRUH (G E\ 0D -DQ DQG 6DQWKLDJX
(]KLOYDODYDQ6ROLGVWDWHSKHQRPHQDY
7UDQV7HFK3XEOLFDWLRQVS
SD
6HOHFWHGIURPSUHVHQWDWLRQVWKHSDSHUV
FRQVLGHU PDWHULDOV IRU SURWHFWLQJ FLYLOLDQV
DQG VROGLHUV DJDLQVW YHKLFOH FROOLVLRQ EODVW
IUDJPHQWDWLRQ DQG XQFRQYHQWLRQDO DWWDFN
WKH\ DOVR GLVFXVVPXOWLIXQFWLRQDOPDWHULDOV
IRUHQKDQFLQJFLYLOLDQDQGVROGLHUSHUIRUPDQFH
LQ H[WUHPH FRQGLWLRQV 7KH WRSLFV LQFOXGH
WKH DWRPLFOD\HU GHSRVLWLRQ RI WKLQ LQRUJDQLF
FRDWLQJV LQWR UHQHZDEOH SDFNDJLQJPDWHULDOV
GHYHORSLQJZRYHQHQKDQFHGVLONIDEULFIRUEDOOLVWLF
SURWHFWLRQ QRYHO SLH]RHOHFWULF WDFWLOH VHQVRU
PDWHULDOVZLWKLPSURYHGSURSHUWLHVHQKDQFLQJ
WKH FKDU UHVLVWDQFH RI H[SDQGDEOH JUDSKLWH
EDVHG LQWUXPHVFHQW¿UHUHWDUGDQWFRDWLQJVE\
XVLQJPXOWLZDOOFDUERQQDQRWXEHVIRUVWUXFWXUDO
VWHHOGHYHORSLQJQHZVROJHOVXUIDFHWUHDWPHQWV
IRUPXODWLRQIRUWKHERQGHGUHSDLURIDLUFUDIWDQG
WKH ODPLQDWHGPLFURVWUXFWXUH DQG WRXJKQHVV
PHFKDQLVPRIDEDORQHVKHOO
7$
0DQDJHPHQWPDQXIDFWXULQJDQGPDWHULDOV
HQJLQHHULQJSURFHHGLQJVY
,QWHUQDWLRQDO &RQIHUHQFH RQ 0DQDJHPHQW
0DQXIDFWXULQJ DQG 0DWHULDOV (QJLQHHULQJ
 =KHQJ]KRX &KLQD (G E\ /LX 3HL
$GYDQFHGPDWHULDOVUHVHDUFKYV
7UDQV 7HFK 3XEOLFDWLRQV    S
SD
9ROXPH RQH RI WKH WZRYROXPH VHW IURP WKH
'HFHPEHU  FRQIHUHQFH UHSRUWV QHZ
PDWHULDO DSSOLFDWLRQV LQ PDQXIDFWXULQJ DQG
DGYDQFHV LQ FRPSRVLWH PDWHULDOV V\VWHP
PRGHOLQJ DXWRPDWLRQ FRQWURO DQGPDWHULDOV
VFLHQFH DQG HQJLQHHULQJ 7KH VHFRQG YROXPH
H[SORUHVLQRUJDQLFPDWHULDOVKLJKWHPSHUDWXUH
VWUXFWXUDOPDWHULDOVHQJLQHHULQJPDQDJHPHQW
RSWLPL]DWLRQDQDO\VLVDQGPHFKDQLFDOSURSHUWLHV
7KUHH SDSHUV IURP WKH 6LOHVLDQ 8QLYHUVLW\ RI
7HFKQRORJ\PRGHOWKHGHVLJQRIDVKRFNDEVRUEHU
DQG D VSULQJ YDOYH V\VWHP 2WKHU WRSLFV RI
WKH  SOXV SDSHUV LQFOXGH WKH LQÀXHQFH RI
PRLVWXUHFRQWHQWDQGEXONGHQVLW\RQWKHWKHUPDO
GLIIXVLYLW\RIJUHHQWHDVDVRODUOLJKWSLSHV\VWHP
LQVWDOOHGLQDJ\PQDVLXPDELRPHFKDQLFDOURERW
IRUPHGLFDORSHUDWLRQVDQGVWRFKDVWLFGHPDQG
YHKLFOHURXWLQJ%	ZLPDJHVDUHSURYLGHG
7$
0XOWLVFDOHVEHKDYLRXURIPDWHULDOV
7LWOH PDLQ HQWU\ (G E\ 0RXVVD .DUDPD
$SSOLHGPHFKDQLFVDQGPDWHULDOVY
7UDQV7HFK3XEOLFDWLRQVS
SD
7KLV FROOHFWLRQ RI SHHU UHYLHZHG DUWLFOHV RQ
PDWHULDOVVFLHQFHDQGPRGHOLQJVKRZFDVHVFXUUHQW
VFKRODUVKLSLQDZLGHYDULHW\RIGHYHORSPHQWDQG
WHVWLQJUHVHDUFKDUHDV7RSLFVGLVFXVVHGLQFOXGH
PLFURVFDOHPRGHOLQJRIFDUERQ¿EHUUHLQIRUFHG
WKHUPRSODVWLFPDWHULDOVEHKDYLRURIOLJKWZHLJKW
FRQFUHWHVLPSDFWDQGVOLGLQJZHDUUHVLVWDQFHRI
+DG¿HOGDQG5DLOVWHHOVDIHW\DQGUHOLDELOLW\RI
FDUERQQDQRWXEHVLQQDQRDFWXDWRUDSSOLFDWLRQV
DQGWKHGHVLJQDQG¿QLWHHOHPHQWPRGDODQDO\VLV
RI FRPSRVLWH ZLQG WXUELQH EODGHV $UWLFOHV
LQFOXGHNH\ZRUGV DEVWUDFWV LOOXVWUDWLRQV DQG
IRUPXODVDQGERWKNH\ZRUGDQGDXWKRULQGH[HV
DUHSURYLGHG&RQWULEXWRUVDUHDFDGHPLFVDQG
UHVHDUFKHUVIURPSULPDULO\)UHQFKLQVWLWXWLRQV
52
Sci-Tech News, Vol. 66 [2012], Iss. 3, Art. 13
http://jdc.jefferson.edu/scitechnews/vol66/iss3/13
6FL7HFK1HZV
7$
$GYDQFHGEXLOGLQJPDWHULDOVDQGVWUXFWXUDO
HQJLQHHULQJSURFHHGLQJV
,QW¶O &RQIHUHQFH RQ %XLOGLQJ 0DWHULDOV DQG
6WUXFWXUDO (QJLQHHULQJ :XKDQ &KLQD
(GE\%;XDQG+</L$GYDQFHGPDWHULDOV
UHVHDUFKY
7UDQV7HFK3XEOLFDWLRQVS
SD
7KLV FROOHFWLRQ RI DUWLFOHV RQ FRQVWUXFWLRQ
PDWHULDOVUHSUHVHQWLQJSDSHUVGHOLYHUHGDWWKH
,QWHUQDWLRQDO&RQIHUHQFHRQ%XLOGLQJ0DWHULDOV
DQG6WUXFWXUDOHQJLQHHULQJKHOGLQ:XKDQ&KLQD
LQ0DUFKVKRZFDVHVFXUUHQWUHVHDUFKLQ
ZLGHYDULHW\RIVXEMHFWDUHDVUHODWLQJWRFXWWLQJ
HGJHFRQVWUXFWLRQWHFKQRORJLHVDQGWHFKQLTXHV
(VVD\V DUH GLYLGHG LQWR VHFWLRQV FRYHULQJ
WRSLFV VXFKDVDGYDQFHGPDWHULDO HQJLQHHULQJ
DQG G\QDPLF V\VWHPV EXLOGLQJ PDWHULDOV
PHFKDQLFDOHQJLQHHULQJDQGWKHHQYLURQPHQW
PDWHULDOV SURFHVVLQJ WHFKQRORJLHV DQGPLQLQJ
HQJLQHHULQJ ELRWHFKQRORJ\ FKHPLFDO DQG
PDWHULDOV HQJLQHHULQJ DQGPDWHULDOV VFLHQFH
PHFKDQLFVDQGDSSOLFDWLRQV ,QGLYLGXDOSDSHUV
LQFOXGHNH\ZRUGV DEVWUDFWV DQG LOOXVWUDWLRQV
$ YROXPH ZLGH DXWKRU DQG NH\ZRUG LQGH[
LV SURYLGHG &RQWULEXWRUV DUH DFDGHPLFV LQ
HQJLQHHULQJDQGPDWHULDOVVFLHQFHIURPSULPDULO\
&KLQHVHLQVWLWXWLRQV
7$
$UWL¿FLDOPDWHULDOV
9DQEpVLHQ2OLYLHU
,67(:LOH\S
,Q WKH ¿HOG RI HOHFWURPDJQHWLF ZDYHV VD\V
9DQEpVLHQ HOHFWURQLFV /LOOH 8 )UDQFH
DUWLILFLDO PDWHULDO UHIHUV WR DQ\ IDEULFDWHG
GHYLFHPHWDOOLFGLHOHFWULFRUPHWDOGLHOHFWULF
WKDW HQDEOHV D YDU\LQJO\ FRPSOH[ FRQWURO RI
ZDYH SURSDJDWLRQ LQ D FKRVHQ ZDYHOHQJWK
UDQJH7KH\DUHDSSURDFKHGDVHLWKHUSKRWRQLF
FU\VWDOV RU DV PHWDPDWHULDOV +H VHWV RXW
WKH IXQGDPHQWDO FRQFHSWV GHWDLOV SKRWRQLF
FU\VWDOV DQGRUPHWDPDWHULDOV LQ D UHJLPH RI
EDQG JDSV GHVFULEHV DUWLILFLDO PDWHULDOV LQ
DQ DEQRUPDO UHIUDFWLYH UHJLPH DQG VXUYH\V
SRWHQWLDODSSOLFDWLRQVRIWKHHIIHFWVLOOXVWUDWHG
$PRQJVSHFL¿FWRSLFVDUHWUDQVIRUPDWLRQRSWLFV
URXWLQJGHYLFHVPDGHIURPSKRWRQLFFU\VWDOVD
WZRGLPHQVLRQDOPLFURZDYHEDODQFHGFRPSRVLWH
SULVP D SKRWRQLF FU\VWDO ÀDW OHQV DW RSWLFDO
ZDYHOHQJWKDQGDQWHQQDV
7$
0HFKDQLFDO HQJLQHHULQJPDWHULDOV DQG
HQHUJ\SURFHHGLQJVY
,QW¶O &RQIHUHQFH RQ 0HFKDQLFDO (QJLQHHULQJ
0DWHULDOV DQG (QHUJ\  'DOLDQ &KLQD
(G E\*UDFH&KDQJ $SSOLHGPHFKDQLFV DQG
PDWHULDOVYV
7UDQV 7HFK 3XEOLFDWLRQV    S
SD
7KH  VHOHFWHG DQG SHHUUHYLHZHG SDSHUV
FRYHUPHFKDWURQLFVDQGDXWRPDWLRQPHFKDQLFDO
PDQXIDFWXULQJ V\VWHPV VLJQDO SURFHVVLQJ
PDQXIDFWXULQJ WHFKQRORJ\ DQG SURFHVVLQJ
PDWHULDOVFLHQFHDQGWHFKQRORJ\HQHUJ\V\VWHPV
DQGPDWHULDOVDQGHQHUJ\VDYLQJ$PRQJVSHFL¿F
WRSLFVDUHLVRODWLQJDQGFKDUDFWHUL]LQJDVXOIDQLOLF
DFLGGHJUDGLQJEDFWHULDVWUDLQWKH¿QLWHHOHPHQW
VWXG\ RI WKHZLQGDJH RI VXVSHQVLRQ LQVXODWRU
VWULQJ XQGHU VWHDG\ ZLQG DQG JXVWV VWHP
FKDUDFWHULVWLFV RI OLWFKL DQG WKH HQGHIIHFWRU
RI D OLWFKLSLFNLQJ URERW WKH RSWLPDO FOHDQLQJ
VFKHGXOHRIUH¿QHU\FUXGHSUHKHDWWUDLQVVXEMHFW
WRIRXOLQJDQGDJLQJDYHKLFOHURXWLQJSUREOHP
ZLWK VWRFKDVWLF GHPDQGV DQG VLPXOWDQHRXV
GHOLYHU\DQGSLFNXSWKHEXFNOLQJDQGYLEUDWLRQ
RIFDUERQQDQRWXEHVHPEHGGHGLQSRO\HWK\OHQH
SRO\PHUV D FRQWURO VWUDWHJ\ IRU WKH EUDNLQJ
V\VWHPRIDK\EULGHOHFWURQLFEXVWKHHIIHFWRI
UDUHHDUWKVDOWRQFHUDPLFPHPEUDQHVIRUPHGE\
PLFURDUFR[LGDWLRQDQGWKHWKHRUHWLFDODQDO\VLV
RI PHQLVFXV IRUFHV EHWZHHQ WZR VSKHULFDO
QDQRSDUWLFOHV DW YDULRXV KXPLGLWLHV 7KH WZR
YROXPHVDUHSDJHGDQGLQGH[HGWRJHWKHU
7$
([SHULPHQWDOPHFKDQLFVRIVROLGV
6FLDPPDUHOOD &HVDU $ DQG )HGHULFR 0
6FLDPPDUHOOD
-RKQ:LOH\	6RQVS
7ZRPHFKDQLFDOHQJLQHHUVDW1RUWKHUQ ,OOLQRLV
8QLYHUVLW\H[SODLQLQGHWDLOWKHYDULRXVSRVVLEOH
DSSURDFKHVWRDQDO\]LQJV\VWHPVDQGPDWHULDOV
XVLQJ H[SHULPHQWDOPHFKDQLFV 7KH\ LQFOXGH
VRPH KLVWRULFDO EDFNJURXQG IRU HDFK RQH VR
UHDGHUVNQRZKRZWKHPHWKRGVFDPHWREHZKDW
WKH\DUH$PRQJWKHWRSLFVDUHHOHFWULFDOVWUDLQ
JDJHVRSWLFDOPHWKRGVXVLQJWKH LQWHUIHUHQFH
DQG GLIIUDFWLRQ RI OLJKW SKRWRHODVWLFLW\0RLUp
FRQWRXULQJ DSSOLFDWLRQV DQG KRORJUDSKLF
LQWHUIHURPHWU\ 7KH LQIRUPDWLRQ VKRXOG EH
LQWHUHVWLQJ DQG WKH WUHDWPHQW DFFHVVLEOH WR
JUDGXDWHVWXGHQWVDQGUHVHDUFKHUVLQVWUXFWXUDO
DQGPDWHULDOVHQJLQHHULQJ
7$
$GYDQFHG FDOFXODWLRQV IRU GHIHFWV LQ
PDWHULDOVHOHFWURQLFVWUXFWXUHPHWKRGV
7LWOHPDLQHQWU\(GE\$XGULXV$ONDXVNDVHWDO
:LOH\9&+S
3K\VLFLVWV PDWHULDOV VFLHQWLVWV DQG RWKHU
FRQWULEXWRUVGHVFULEHDQXPEHURIDSSURDFKHVWR
GHWHFWLQJDQGFKDUDFWHUL]LQJGHIHFWVLQPDWHULDOV
QRZ SRVVLEOH EHFDXVH RI JUHDWHU FRPSXWLQJ
SRZHU $PRQJ WKH WRSLFV DUH WKH DFFXUDF\ RI
TXDQWXP0RQWH&DUORPHWKRGVIRUSRLQWGHIHFWV
LQVROLGVDFFXUDWHJDSOHYHOVDQGWKHLUUROHLQWKH
UHOLDELOLW\RIRWKHUFDOFXODWHGGHIHFWSURSHUWLHV
SUHGLFWLQJ SRODURQLF GHIHFW VWDWHV E\PHDQV
RI JHQHUDOL]HG .RRSPDQV GHQVLW\ IXQFWLRQDO
FDOFXODWLRQVDWLPHGHSHQGHQWGHQVLW\IXQFWLRQDO
VWXG\RQWKHH[FLWDWLRQVSHFWUXPRISRLQWGHIHFWV
LQ VHPLFRQGXFWRUV DQG FULWHULD IRU VHOHFWLQJ
ZKLFKHOHFWURQLFVWUXFWXUHPHWKRGWRXVH
7$
8OWUDVRQLF QRQGHVWUXFWLYH WHVWLQJ RI
PDWHULDOVWKHRUHWLFDOIRXQGDWLRQV
/DQJHQEHUJ.DUO-|UJHWDO
&5&3UHVVS
3K\VLFLVW /DQJHQEHUJ DQG HOHFWULFDO HQJLQHHUV
5HQp 0DUNOHLQ DQG .ODXV 0D\HU DOO 8 RI
.DVVHO *HUPDQ\ SURYLGH D EULGJH EHWZHHQ
IXQGDPHQWDO HODERUDWLRQV RI HODVWLF ZDYHV LQ
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 6FL7HFK1HZV
VROLGVDQGHPHUJLQJDSSOLFDWLRQVIRUXOWUDVRQLF
QRQGHVWUXFWLYHWHVWLQJ7KH\VHWRXWWKHSK\VLFV
DQGPDWKHPDWLFVRIXOWUDVRXQGSURSDJDWLRQLQ
VROLGV DQG GHPRQVWUDWH LW RQ VWDQGDUG QRQ
GHVWUXFWLYH WHVWLQJ SUREOHPV 7KHLU WRSLFV
LQFOXGHJRYHUQLQJHTXDWLRQVRIHODVWRG\QDPLFV
HOHFWURPDJQHWLVP HODVWLF SODQH ZDYHV LQ
KRPRJHQHRXVPDWHULDOVXOWUDVRQLFEHDPVDQG
ZDYHSDFNHWVDQGVFDWWHUHUVLQKRPRJHQHRXV
LVRWURSLFQRQGLVVLSDWLYHLQ¿QLWHVSDFHV
7$
$QDO\WLFDOHVWLPDWHVRIVWUXFWXUDOEHKDYLRU
'\P&OLYH/DQG+DUU\(:LOOLDPV
&5&3UHVVS
7KHDGYHQWRI FRPSXWHUEDVHGDSSURDFKHV WR
VWUXFWXUDOPRGHOLQJRYHUWKHSDVWKDOIFHQWXU\
KDV RQO\ DFFHQWXDWHG WKH QHHG IRU VWUXFWXUDO
HQJLQHHUV WR UHFRJQL]H WKDW WKH\ DUH GHDOLQJ
ZLWK PRGHOV RI VWUXFWXUHV UDWKHU WKDQ WKH
DFWXDO VWUXFWXUHV WKHPVHOYHV FRQWHQG '\P
HQJLQHHULQJ GHVLJQ DQG:LOOLDPV HPHULWXV
HQJLQHHULQJ ERWK +DUYH\ 0XGG &ROOHJH
7KH\ H[SOLFLWO\ UHWXUQ WKH QRWLRQ RIPRGHOLQJ
WRWKHDQDO\VLVRIVWUXFWXUHVE\SUHVHQWLQJDQ
LQWHJUDWHGDSSURDFKWRPRGHOLQJDQGHVWLPDWLQJ
VWUXFWXUDOEHKDYLRU7KHZD\RIWKLQNLQJDERXW
VWUXFWXUHVDQGWKHLUPRGHOVWKDWWKH\SURSRVHLV
URRWHGLQFODVVLFHOHPHQWDU\HODVWLFLW\WKH\VD\
DQG GHSHQGV OHVV RQ DGYDQFHGPDWKHPDWLFDO
WHFKQLTXHVDQGIDUPRUHRQWKLQNLQJDERXWWKH
GLPHQVLRQVDQGPDJQLWXGHVRI WKHXQGHUO\LQJ
SK\VLFV 7KH ERRN FRXOG VHUYH DV D WH[WERRN
IRU D VHFRQG FRXUVH LQ VWUXFWXUDO DQDO\VLV IRU
JUDGXDWHV DGYDQFHG XQGHUJUDGXDWHV DQG
SUDFWLWLRQHUV
7$
1DQRIDEULFDWLRQKDQGERRN
7LWOH PDLQ HQWU\ (G E\ 6WHIDQR &DEULQL DQG
6DWRVKL.DZDWD
&5&3UHVVS
3K\VLFLVWV FKHPLVWV DQG YDULRXV NLQGV RI
HQJLQHHUV H[SODLQ ERWK VWDQGDUG DQG QHZ
OLWKRJUDSKLFWHFKQLTXHVIRUIDEULFDWLQJREMHFWVDW
WKHQDQRPHWHUVFDOHDQGVXUYH\DSSOLFDWLRQV
$PRQJ WKH WRSLFV DUH IRFXVHG LRQ EHDP DQG
HOHFWURQEHDPGHSRVLWLRQVRIW;UD\OLWKRJUDSK\
WKHV\QWKHVLVDQGFRQWUROOHGDVVHPEO\RIFROORLGDO
LQRUJDQLF QDQRFU\VWDOV VHOIDVVHPEO\ '1$
QDQRVWUXFWXUHV DQG '1$ GHYLFHV IDEULFDWLQJ
QDQRSKRWRQLF VWUXFWXUHV DQG SDWWHUQLQJ
PDJQHWLFQDQRVWUXFWXUHVZLWKLRQV
7$
1DQRVHQVRUV SK\VLFDO FKHPLFDO DQG
ELRORJLFDO
.KDQQD9LQRG.XPDU6HULHV LQVHQVRUVQR

&5&3UHVVS
.KDQQD HOHFWULFDO DQG HOHFWURQLF UHVHDUFK
&RXQFLO RI 6FLHQWL¿F DQG ,QGXVWULDO 5HVHDUFK
,QGLDJDWKHUVDQGFULWLFDOO\DSSUDLVHVUHVHDUFK
¿QGLQJVUHÀHFWLQJWKHLPSDFWRIQDQRWHFKQRORJ\
RQ VHQVRUV +H ZULWHV LQ D TXHVWLRQDQVZHU
IRUPDWDQGDFNQRZOHGJHVWKHLQWHUGLVFLSOLQDU\
QDWXUH RI QDQRWHFKQRORJ\ E\ DVVXPLQJ QR
DGYDQFHG NQRZOHGJH LQ DQ\ SDUWLFXODU ¿HOG
$PRQJKLVWRSLFVDUHPDWHULDOVIRUQDQRVHQVRUV
WKHQDQRVHQVRUODERUDWRU\RSWLFDOQDQRVHQVRUV
QDQRELRVHQVRUVDQGIXWXUHWUHQGV
7$
6XUIDFHPRGL¿FDWLRQRIQDQRWXEH¿OOHUV
7LWOHPDLQHQWU\(GE\9LNDV0LWWDO3RO\PHU
QDQRPLFURDQGPDFURFRPSRVLWHVY
:LOH\9&+S
&KHPLVWVDQGHQJLQHHUVRIYDULRXVW\SHVUHYLHZ
UHVHDUFKLQWRPHWKRGVIRUPRGLI\LQJWKHVXUIDFH
RIQDQRWXEHVWKDWDUHJRLQJWREHXVHGDV¿OOHUVLQ
SRO\PHUPDWHULDOVWRPDNHWKHPPRUHFRPSDWLEOH
ZLWKWKHPROHFXOHVRIWKHSDUWLFXODUSRO\PHUEHLQJ
¿OOHG/LNHRWKHU¿OOHUVWKH\DUHXVHGWRHQKDQFH
PHFKDQLFDOHOHFWULFDODQGWUDQVSRUWSURSHUWLHVRI
SULVWLQHSRO\PHUV7KHWRSLFVLQFOXGHPRGLI\LQJ
FDUERQ QDQRWXEHV E\ OD\HUE\OD\HU DVVHPEO\
DSSURDFKWKHWKHRUHWLFDODQDO\VLVRIQDQRWXEH
IXQFWLRQDOL]DWLRQDQGSRO\PHUJUDIWLQJJUDIWLQJ
SRO\PHUVRQQDQRWXEHVE\DWRPWUDQVIHUUDGLFDO
SRO\PHUL]DWLRQDQGWKHRUJDQLFIXQFWLRQDOL]DWLRQ
RIQDQRWXEHVE\GLSRODUF\FORDGGLWLRQ
7$
6WUXFWXUDOJODVVHVDQGVXSHUFRROHGOLTXLGV
WKHRU\H[SHULPHQWDQGDSSOLFDWLRQV
7LWOHPDLQHQWU\(GE\3HWHU*:RO\QHVDQG
9DVVLOL\/XEFKHQNR
-RKQ:LOH\	6RQVS
&KHPLVWVDQGSK\VLFLVWVZKRVSHFLDOL]HLQJODVV
SUHVHQW D UDQJH RI PRGHUQ WKHRUHWLFDO DQG
H[SHULPHQWDOYLHZVRIWKHJODVVWUDQVLWLRQDQG
UHOD[DWLRQVLQJODVV\V\VWHPVSKHQRPHQDWKDW
KDYHSHUSOH[HGVFLHQWLVWVDUWLVDQVDQGDUWLVWV
VLQFHDQFLHQWWLPHV7KHWRSLFVLQFOXGHDFULWLFDO
DVVHVVPHQWRIWKHUDQGRP¿UVWRUGHUWUDQVLWLRQ
WKHRU\ RI JODVVHV WKH GLHOHFWULF VSHFWURVFRS\
RI JODVV\ G\QDPLFV JODVVLQHVV LQ XQLIRUPO\
IUXVWUDWHGV\VWHPVG\QDPLFVLQWKHFURVVRYHU
UHJLRQ RI VXSHUFRROHG OLTXLGV DQG JODVV\
G\QDPLFVRISURWHLQV
7$
+DQGERRN RI JHRV\QWKHWLF HQJLQHHULQJ
JHRV\QWKHWLFVDQGWKHLUDSSOLFDWLRQVGHG
7LWOHPDLQHQWU\(GE\6DQMD\.XPDU6KXNOD
,&(3XEOLVKLQJS
6\QWKHWLFPDWHULDOVDUHQRZXVHG URXWLQHO\ LQ
FLYLOHQJLQHHULQJEXWWKHLUQDWXUHDQGDSSOLFDWLRQ
DUHJHQHUDOO\ QRW WDXJKW LQ VWDQGDUG FRXUVHV
HVSHFLDOO\ DW WKH XQGHUJUDGXDWH OHYHO 7KLV
KDQGERRNLVGHVLJQHGWR¿OOWKDWJDSERWKIRU
VWXGHQWV DQG IRU SUDFWLFLQJ FLYLO HQJLQHHUV
E\ LQWHJUDWLQJ JHRV\QWKHWLFV LQWR WKH EDVLF
JHRJUDSKLFDOSULQFLSOHVDQGSURFHVVHV$PRQJ
WKH WRSLFV DUH VRLOJHRV\QWKHWLF LQWHUDFWLRQ
VKDOORZ IRXQGDWLRQV UDLOZD\ WUDFNV K\GUDXOLF
WXQQHOV DQG VXVWDLQDELOLW\ DVSHFWV 7KH ¿UVW
HGLWLRQZDVSXEOLVKHGLQDV*HRV\QWKHWLFV
DQG7KHLU$SSOLFDWLRQV
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6FL7HFK1HZV
7$
3RO\PHUV LQ LQGXVWU\ IURP$=DFRQFLVH
HQF\FORSHGLD
0DVFLD/HQR
:LOH\9&+S
)RUDOOWKHKXQGUHGVRIERRNVDERXWSRO\PHUV
VD\V 0DVFLD PDWHULDOV /RXJKERURXJK 8
%ULWDLQWKHUHUHPDLQHGDQHHGIRUDFRPSDFW
HQF\FORSHGLD WKDW SURYLGHG ERWK VSHFL¿F DQG
JHQHUDO LQIRUPDWLRQ DERXW SODVWLF PDWHULDOV
UHOHYDQWWRPDQXIDFWXULQJDQGRWKHUFRPPHUFLDO
FRQWH[WV+LVPDLQIRFXVLVRQWKHFRQVWLWXWLRQ
SURSHUWLHV DQG SURFHVVLQJ RI SRO\PHUEDVHV
PDWHULDOVEXWKHDOVRFRQVLGHUVVXFKDUHDVDV
V\QWKHVLVDQGFKDUDFWHUL]DWLRQ$QRYHUYLHZDQG
D VHDUFK JXLGH LQWURGXFH WKHPDLQ DOSKDEHWLF
VHFWLRQ 7KHUH LV QR LQGH[ EXW WKH FURVV
UHIHUHQFLQJLVH[WHQVLYH
7$
&RUURVLRQ SURWHFWLRQ DQG FRQWURO XVLQJ
QDQRPDWHULDOV
7LWOH PDLQ HQWU\ (G E\ 9LVZDQDWKDQ 6 6DML
DQG5RQDOG&RRN
:RRGKHDG3XEOLVKLQJS
6DML DGYDQFHG PDWHULDOV FKHPLVWU\ .RUHD
8 6RXWK .RUHD DQG &RRN ZKR ZRUNV LQ
UHVHDUFK DVVHPEOH  FKDSWHUV WKDW H[SORUH
WKHSRWHQWLDOXVHRIQDQRWHFKQRORJ\LQFRUURVLRQ
SURWHFWLRQ DQG FRQWURO IRU UHVHDUFKHUV DQG
HQJLQHHUV ZRUNLQJ ZLWK QDQRPDWHULDOV LQ
DHURVSDFH DXWRPRWLYH FKHPLFDO HQJLQHHULQJ
DQGRWKHULQGXVWULHVDQGDFDGHPLFV&KHPLVWV
PDWHULDOV VFLHQWLVWV HQJLQHHUV DQG RWKHUV
IURPWKH86$VLD(XURSH$XVWUDOLDDQG1HZ
=HDODQG GHWDLO WKH IXQGDPHQWDOV RI FRUURVLRQ
EHKDYLRUDQGWKHPDQXIDFWXUHRIQDQRFU\VWDOOLQH
PDWHULDOV WKH LPSDFW RI QDQRWHFKQRORJ\ LQ
UHGXFLQJ FRUURVLRQ FRVW DQG WKH LQIOXHQFH
RI WKHUPRG\QDPLFV NLQHWLFV JUDLQ VL]H DQG
HOHFWURFKHPLFDO LQIOXHQFHV RQ WKH FRUURVLRQ
EHKDYLRU RI QDQRFU\VWDOOLQHPDWHULDOV DVZHOO
DV HOHFWURGHSRVLWHG QDQRVWUXFWXUHGPDWHULDOV
7KH\ IROORZZLWK FDVH VWXGLHV RI DSSOLFDWLRQV
RI QDQRPDWHULDOV LQ FRUURVLRQ FRQWURO VXFK
DV R[LGDWLRQ SURWHFWLRQ XVLQJ QDQRFU\VWDOOLQH
VWUXFWXUHV DW YDULRXV WHPSHUDWXUHV VROJHO
DQGVHOIKHDOLQJQDQRFRDWLQJVDQGWKHXVHRI
QDQRUHVHUYRLUVDQGSRO\PHUQDQRFRPSRVLWHVLQ
FRUURVLRQFRQWURO
7$
$GYDQFHV LQ GLVFRQWLQXRXV QXPHULFDO
PHWKRGVDQGDSSOLFDWLRQVLQJHRPHFKDQLFV
DQGJHRHQJLQHHULQJSURFHHGLQJV&'520
LQFOXGHG
,QW¶O&RQIHUHQFHRQ$GYDQFHVLQ'LVFRQWLQXRXV
1XPHULFDO 0HWKRGVWK  +RQROXOX
+DZDLL(GE\-LDQ=KDRHWDO
&5&3UHVV%DONHPDS
7KH FRQIHUHQFH LV KHOG HYHU\ WZR RU WKUHH
\HDUVDQGVLQFHWKH¿UVWLQKDVH[SDQGHG
EH\RQGWKHLQLWLDOFRQFHUQZLWKWKHGLVFRQWLQXRXV
GHIRUPDWLRQDQDO\VLVPHWKRGWRHQFRPSDVVWKH
GLVFRQWLQXRXVQXPHULFDOPHWKRGVDQGFRXSOLQJ
WHFKQLTXHV ZLWK RWKHU QXPHULFDO DSSURDFKHV
IRUPHFKDQLFV DQG HQJLQHHULQJ LQ WKH HDUWK
VFLHQFHV$PRQJWKHSDSHUVVHOHFWHGIRUWKH
SURFHHGLQJVDUHHLJKWNH\QRWHVRQVXFKWRSLFV
DV URFN EORFN VWDELOLW\ DQDO\VLV RI VORSHV DQG
XQGHUJURXQGSRZHUKRXVHVGLVFRQWLQXXPEDVHG
PLFURPHFKDQLFVPRGHOLQJPHWKRGVDQGWRZDUG
D UHDOLVWLF URFNPDVV QXPHULFDOPRGHO 7KH
RWKHUWKHPHVDGGUHVVHGDUHWKHGLVFRQWLQXRXV
GHIRUPDWLRQDQDO\VLVPHWKRGDQGDSSOLFDWLRQV
NH\EORFNWKHRU\EORFNFXWWLQJDQGDSSOLFDWLRQV
WKH QXPHULFDOPDQLIROGPHWKRG DQG IXUWKHU
GHYHORSPHQWV GLVWLQFW HOHPHQWPHWKRG DQG
DSSOLFDWLRQV DQG WKH GLVFRQWLQXRXVPRGHOLQJ
RI¿QLWHHOHPHQWDQGRWKHUPHWKRGV7KHUH LV
QRVXEMHFWLQGH[
7$
)RXULHUPRGDOPHWKRGDQGLWVDSSOLFDWLRQV
LQFRPSXWDWLRQDOQDQRSKRWRQLFV
.LP+ZLHWDO
&5&3UHVVS
6RPH RI WKH WHFKQRORJLFDO OLPLWDWLRQV RQ
PLFURHOHFWURQLFVDQGQDQRHOHFWURQLFVDUHEHLQJ
RYHUFRPH E\ LQWHJUDWLQJ QDQRSKRWRQLFV LQWR
WKH V\VWHPV VD\ .LP .RUHD 8 -XQJK\XQ
3DUN ZLWK D FRPSDQ\ LQ 6RXWK .RUHD DQG
%\RXQJKR/HH6HRXO1DWLRQDO87KH\SURYLGH
UHVHDUFKHUVDQGJUDGXDWHVWXGHQWVZLWKDGHWDLOHG
PDWKHPDWLFDOIUDPHZRUNIRUWKHVRXQGQXPHULFDO
DQDO\VLVRIQDQRSKRWRQLFVSKHQRPHQDDVZHOO
DVWKHSUDFWLFDOVNLOOVDQGVRXUFHFRGHUHTXLUHG
IRULPSOHPHQWLQJWKH)RXULHUPRGHOPHWKRGRQ
0$7/$% 7KH )RXULHUPRGHOPHWKRG SDFNDJH
ZDVGHYHORSHGIRUHGXFDWLRQDOSXUSRVHV WKH\
ZDUQ VRPD\ VDFUL¿FH VRPH IDFWRUV VXFK DV
VSHHGFRPSDFWQHVVDQGPHPRU\XVDJHEXW
RQFH UHVHDUFKHUV XQGHUVWDQG WKH URSHV WKH\
FDQXVHWKHVRXUFHFRGHWRRSWLPL]HLQZKLFKHYHU
GLUHFWLRQWKH\ZDQW
7$
/DVHUVLQPDQXIDFWXULQJ
7LWOHPDLQHQWU\(GE\-3DXOR'DYLP
,67(:LOH\S
&RQWULEXWRUV LGHQWL¿HG RQO\ E\ QDPH VXUYH\
D UDQJH RI ZD\V WKDW ODVHUV DUH EHLQJ XVHG
LQPDQXIDFWXULQJ 7KH H[DPSOHV WKH\ GLVFXVV
DUH ODVHUUDSLGPDQXIDFWXULQJ ODVHUV LQPHWDO
IRUPLQJWKHODVHUIRUPLQJRIPHWDOIRDPVWKH
PDWKHPDWLFDOPRGHOLQJ RI ODVHU GULOOLQJ WKH
WKHUPDOVWUHVVDQDO\VLVRIODVHUFXWWLQJDVPDOO
GLDPHWHU KROHPRGHOLQJ DQG VLPXODWLQJ ODVHU
ZHOGLQJDQGODVHUVLQVXUIDFHHQJLQHHULQJ7KH
DQWKRORJ\FRXOGEHDVXSSOHPHQWDOWH[WERRNIRU
DVHQLRUXQGHUJUDGXDWHSK\VLFVRUHQJLQHHULQJ
FXUVH D FRUH WH[W IRU D JUDGXDWH FRXUVH
VSHFL¿FDOO\ RQ ODVHUV LQPDQXIDFWXULQJ RU D
UHIHUHQFHIRUUHVHDUFKHUVDQGSUDFWLWLRQHUV
7$
2SWLFDO HOHFWURQLFV VHOIRUJDQL]HG
LQWHJUDWLRQDQGDSSOLFDWLRQV
<RVKLPXUD7HWVX]R
3DQ6WDQIRUG3XEOLVKLQJS
<RVKLPXUD SK\VLFV 7RN\R 8 RI 7HFKQRORJ\
SURSRVHV DQG GHVFULEHV FRPSUHKHQVLYH
VWUDWHJLHVIRULQWHJUDWLQJRSWLFVLQWRHOHFWURQLF
V\VWHPVZLWKPLQLPL]HGRSWLFVH[FHVV7KHFRUH
WHFKQRORJLHV KH VD\V DUH WKH VHOIRUJDQL]HG
RSWLFDOZDYHJXLGHEDVHGRQWKHVHOIRUJDQL]HG
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OLJKWZDYHQHWZRUNWKHWKUHHGLPHQVLRQDORSWLFDO
FLUFXLWEXLOWE\VWDFNLQJRSWLFDOZDYHJXLGH¿OPV
WKHPDWHULDOVDYLQJ KHWHURJHQHRXV WKLQ¿OP
GHYLFHLQWHJUDWLRQSURFHVVDQGWKHKLJKVSHHG
VPDOOVL]HOLJKWPRGXODWRUVDQGRSWLFDOVZLWFKHV
7KHPDWHULDO VKRXOG LQWHUHVW UHVHDUFKHUV LQ
RSWLFDOHOHFWURQLFV'LVWULEXWHGLQ1RUWK$PHULFD
E\&5&3UHVV
0(&+$1,&$/(1*,1((5,1*	0$&+,1(5<
7-
&RPSXWDWLRQDOWHFKQLTXHVRIURWRUG\QDPLFV
ZLWKWKH¿QLWHHOHPHQWPHWKRG
9ROODQ$UQHDQG/RXLV.RP]VLN
&5&3UHVVS
$HURQDXWLFDO HQJLQHHUV 9ROODV DQG .RP]VLN
KDYH ZRUNHG LQPDQ\ FRPSDQLHV GHVLJQLQJ
URWRUVWKDWEORZZLQGRU WKDWZLQGWXUQVDQG
KDYH FRRSHUDWHGRQ VHYHUDO SURMHFWVRYHU WKH
SDVWTXDUWHUFHQWXU\)URPWKDWFROODERUDWLRQ
WKH\ H[SODLQ KRZ WR DSSO\PRGHUQ DQDO\VLV
WRROVVXFKDV¿QLWHHOHPHQWVWRWKHURWDWLRQDO
EHKDYLRU RI ÀH[LEOH ERGLHV HVSHFLDOO\ WKRVH
ZLWKLUUHJXODUVKDSHVOLNHSURSHOOHUDQGWXUELQH
EODGHV &RYHULQJ LQ WXUQ WKHRUHWLFDO DVSHFWV
DQG HQJLQHHULQJ DVSHFWV WKH\ H[DPLQH VXFK
WRSLFV DV FRXSOHG VROXWLRQ IRUPXODWLRQV WKH
¿QLWH HOHPHQW DQDO\VLV RI URWDWLQJ VWUXFWXUHV
UHVRQDQFHVDQGLQVWDELOLWLHVG\QDPLFUHVSRQVH
DQDO\VLV DQDO\]LQJ DLUFUDIW SURSHOOHUV DQG
DQDO\]LQJZLQGWXUELQHV
(/(&75,&$/(1*,1((5,1*(/(&7521,&6
18&/($5(1*,1((5,1*
7.
:LQGHQHUJ\V\VWHPVFRQWUROHQJLQHHULQJ
GHVLJQ
*DUFLD6DQ]0DULRDQG&RQVWDQWLQH++RXSLV
&5&3UHVVS
*DUFtD6DQ] &DVH:HVWHUQ 8 DQG +RXSLV
HPHULWXV$LU)RUFH,QVWLWXWHRI7HFKQRORJ\ZKR
ERWKKDYHH[WHQVLYHH[SHUWLVHLQPDMRUSURMHFWV
LQ1RUWK$PHULFDDQG(XURSHGHVFULEHWKHODWHVW
VFLHQFHDQGWHFKQRORJ\LQZLQGWXUELQHVZLWKLQ
WKH FRQWH[W RI ZKDW WKH\ WHUP D FRQFXUUHQW
HQJLQHHULQJ DSSURDFK WKDW FRRUGLQDWHV WKH
PDQ\ YDULDEOHV LQYROYHG 7KH WH[W LQFOXGHV D
OLQN WRD IUHHGRZQORDG IRU WKH&$'WRRO WKH\
XWLOL]HZLWKTXDQWLWDWLYHIHHGEDFNWKHRU\4)7
FRQWUROOHUGHVLJQFHQWUDOWRWKHLUPHWKRG4)7
DQGLWVUHODWHGIRUPVLQFOXGLQJGLDJRQDO0,02
4)7 GLVFUHWH4)7 DQGQRQGLDJRQDO4)7 DUH
GHVFULEHGLQGHWDLOLQWKH¿UVWWKLUGRIWKHERRN
:LQG WXUELQH FRQWURO DQG LWV REMHFWLYHV DQG
VWUDWHJLHVPRGHOLQJEODGHGHVLJQH[SHULPHQWDO
UHVXOWVZLWKGLUHFWGULYHZLQGWXUELQH7:7
DQGVPDUWZLQGWXUELQHEODGHVDUHGHVFULEHGLQ
VHSDUDWHFKDSWHUV7KHYROXPHFRQFOXGHVZLWK
FKDSWHUVRQRIIVKRUHDQGDLUERUQHZLQGHQHUJ\
V\VWHPV
7.
:LQGHQHUJ\V\VWHPVVROXWLRQVIRUSRZHU
TXDOLW\DQGVWDELOL]DWLRQ
$OL0RKG+DVDQ
&5&3UHVVS
$OL8RI0HPSKLVH[SORUHVWKHJULGLQWHJUDWLRQ
SUREOHPV SRVHG E\ ZLQG HQHUJ\ FRQYHUVLRQ
V\VWHPVDQGSUHVHQWVVROXWLRQVIRUPLQLPL]LQJ
YROWDJH DQG IUHTXHQF\ ÀXFWXDWLRQV OHYHOLQJ
RXWSXW SRZHU DQG HQKDQFLQJ WKH WUDQVLHQW
VWDELOLW\ RI ZLQG SRZHU VWDWLRQV $SSURSULDWH
IRU ERWK SUDFWLFLQJ HQJLQHHUV DQG VWXGHQWV
WKHERRNDOVRLQWURGXFHVWKHFRPSRQHQWVRID
W\SLFDO HQHUJ\JHQHUDWLRQ V\VWHPSRZHUHGE\
ZLQGDQGWKHHOHFWULFPDFKLQHVSRZHUV\VWHPV
DQG SRZHU GHYLFHV FRPPRQO\ XVHG LQ ZLQG
HQHUJ\JHQHUDWRUV7KH¿QDOFKDSWHUGLVFXVVHV
FRQWURO VWUDWHJLHV IRU JULG DQG URWRU VLGH
FRQYHUWHUVSURYLGLQJSRZHUVXSSRUWGXULQJJULG
GLVWXUEDQFHV&RORUSKRWRJUDSKVDQGGLDJUDPV
DUHSURYLGHG
7.
6PDUW JULG IXQGDPHQWDOV RI GHVLJQ DQG
DQDO\VLV
0RPRK -DPHV ,((( 3UHVV VHULHV RQ SRZHU
HQJLQHHULQJ
:LOH\,(((3UHVVS
0RPRK HOHFWULFDO DQG FRPSXWHU HQJLQHHULQJ
+RZDUG 8 GHILQHV D VPDUW JULG DV D VHOI
KHDOLQJ HOHFWULF SRZHU QHWZRUN HTXLSSHGZLWK
G\QDPLF RSWLPL]DWLRQ WHFKQLTXHV WKDW XVH
UHDOWLPHPHDVXUHPHQWV WRPLQLPL]H QHWZRUN
ORVVHV PDLQWDLQ YROWDJH OHYHOV LQFUHDVH
UHOLDELOLW\ DQG LPSURYH DVVHWPDQDJHPHQW
)RU SURIHVVLRQDOV DQG VWXGHQWV LQ HOHFWULFDO
DQGSRZHUHQJLQHHULQJKHSURYLGHVDZRUNLQJ
NQRZOHGJHRIIXQGDPHQWDOVGHVLJQWRROVFXUUHQW
UHVHDUFKDQGFULWLFDOLVVXHVLQGHYHORSLQJDQG
GHSOR\LQJWKHVPDUWJULG7KHLQIRUPDWLRQDQG
LQVLJKWV KDYH HPHUJHG LQ WKHPDQ\ OHFWXUHV
FRQIHUHQFHVDQGWHFKQLFDODQGSROLWLFDOGHEDWHV
LQWKH86DQGHOVHZKHUHVLQFHWKHPRVWUHFHQW
GUDPDWLFEODFNRXW
7.
*LJDELWFDSDEOHSDVVLYHRSWLFDOQHWZRUNV
+RRG'DYHDQG(OPDU7URMHU
-RKQ:LOH\	6RQVS
+RRGDQG7R\MHUERWKZLWKDQHWZRUNVRIWZDUH
FRPSDQ\ H[SODLQ RQH RI WKH WHFKQRORJLHV IRU
WKDW SDUW RI D WHOHFRPPXQLFDWLRQV QHWZRUN
WKDWFRQQHFWVGLUHFWO\WRVXEVFULELQJHQGSRLQWV
7KH\ZULWHIRUH[SHULHQFHGWHOHFRPPXQLFDWLRQV
RU GDWD FRPPXQLFDWLRQV SURIHVVLRQDOV ZKRVH
NQRZOHGJHEDVHGRHVQRW\HWH[WHQG LQWR WKH
GRPDLQRISDVVLYHRSWLFDOQHWZRUNVLQJHQHUDORU
JLJDELWFDSDEOHRUJLJDELWFDSDEOHQHWZRUNV
5DWKHUWKDQMXVWUHSKUDVLQJWKHVWDQGDUGVWKH\
H[SODLQDQGFRPSDUHWKHP7KH\FRYHUV\VWHP
UHTXLUHPHQWVWKHRSWLFDOOD\HUWKHWUDQVPLVVLRQ
FRQYHUJHQFHOD\HUPDQDJHPHQWVHUYLFHVDQG
RWKHUWHFKQRORJLHV
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7.
*UHHQPRELOHGHYLFHVDQGQHWZRUNVHQHUJ\
RSWLPL]DWLRQDQGVFDYHQJLQJWHFKQLTXHV
7LWOHPDLQHQWU\(GE\+ULVKLNHVK9HQNDWDUDPDQ
DQG*DEULHO0LUR0XQWHDQ
&5&3UHVVS
7KH SRZHU RI EDWWHULHV LV JURZLQJ DW DPXFK
VORZHUUDWHWKDQWKHSRZHURIRWKHUHOHPHQWV
RIPRELOH GHYLFHV DQGZKLOHPDQ\ VFLHQWLVWV
DUH ZRUNLQJ IHYHULVKO\ WR LPSURYH EDWWHULHV
WKH FRPSXWHU DQG HOHFWURQLF HQJLQHHUV IRFXV
RQHQHUJ\PDQDJHPHQWLQPRELOHGHYLFHVDQG
QHWZRUNVZLWKWKHLGHDRIPHHWLQJWKHEDWWHULHV
VRPHZKHUH DORQJ WKH URDG /RRNLQJ LQ WXUQ
DW RSWLPL]DWLRQ DQG VFDYHQJLQJ WHFKQLTXHV
WKH\ FRQVLGHU VXFK WRSLFV DV WKH HQHUJ\ FRVW
RI VRIWZDUH DSSOLFDWLRQV RQ SRUWDEOHZLUHOHVV
GHYLFHVPLQLPXP HQHUJ\PXOWLFULWHULD UHOD\
VHOHFWLRQ LQPRELOH DG KRF QHWZRUNV HQHUJ\
RSWLPL]DWLRQ WHFKQLTXHV IRU ZLUHOHVV VHQVRU
QHWZRUNV WRZDUGPRGHOLQJ VXSSRUW IRU ORZ
SRZHU DQG KDUYHVWLQJ ZLUHOHVV VHQVRUV IRU
UHDOLVWLFVLPXODWLRQRILQWHOOLJHQWHQHUJ\DZDUH
PLGGOHZDUH DQG UDGLR IUHTXHQF\ HQHUJ\
KDUYHVWLQJDQGPDQDJHPHQWIRUZLUHOHVVVHQVRU
QHWZRUNV
7.
2SWLFDOFRPPXQLFDWLRQZLWKFKDRWLFODVHUV
DSSOLFDWLRQV RI QRQOLQHDU G\QDPLFV DQG
V\QFKURQL]DWLRQ
8FKLGD $WVXVKL:LOH\9&+    S

8FKLGD LQIRUPDWLRQ DQG FRPSXWHU VFLHQFHV
6DLWDPD 8 -DSDQ RIIHUV DQ RYHUYLHZ RI
UHVHDUFKLQWRERWKFKDRVQRQOLQHDUG\QDPLFV
DQG ODVHUVSKRWRQLFVWKDWKDYHHQJLQHHULQJ
DSSOLFDWLRQV LQ RSWLFDO FRPPXQLFDWLRQ DQG
LQIRUPDWLRQWHFKQRORJ\7KHWUHDWPHQWLVVXLWDEOH
IRU JUDGXDWH VWXGHQWV EHJLQQLQJ UHVHDUFK LQ
LQWHUGLVFLSOLQDU\¿HOGVDQGIRUUHVHDUFKHUVDQG
HQJLQHHUVLQHLWKHUFKDRVRUODVHUV7KHWRSLFV
LQFOXGHWKHEDVLFVRIFKDRVDQGODVHUVDQDO\]LQJ
FKDRWLF ODVHU G\QDPLFV DV GHPRQVWUDWHG LQ
D VHPLFRQGXFWRU ODVHUZLWK RSWLFDO IHHGEDFN
V\QFKURQL]DWLRQRIFKDRVLQODVHUVLPSOHPHQWLQJ
RSWLFDO FRPPXQLFDWLRQV ZLWK FKDRWLF ODVHUV
JHQHUDWLQJUDQGRPQXPEHUVZLWKFKDRWLFODVHUV
DQGFRQWUROOLQJFKDRVLQODVHUV
7.
6WRFKDVWLFPRGHOLQJDQGDQDO\VLVRIWHOHFRP
QHWZRUNV
'HFUHXVHIRQG/DXUHQWDQG3DVFDO0R\DO
,67(:LOH\S
'HFUHXVHIRQG FRPSXWHU  VF LHQFH DQG
QHWZRUNLQJ 7pOpFRP 3DULV 7HFK DQG 0R\DO
DSSOLHG PDWKHPDWLFV &RPSLqJQH 8 RI
7HFKQRORJ\ )UDQFH VXUYH\ VRPH RI WKH
SXUSRVHVWKDWVWRFKDVWLFPRGHOVFDQEHSXWWRLQ
WHOHFRPPXQLFDWLRQVQHWZRUNVZLWKTXDQWLWDWLYH
DVZHOODVTXDOLWDWLYHSRLQWVRIYLHZ&RQVLGHULQJ
LQWXUQGLVFUHWHWLPHPRGHOLQJFRQWLQXRXVWLPH
PRGHOLQJ DQG VSDWLDOPRGHOLQJ WKH\ FRYHU
VWRFKDVWLFUHFXUVLYHVHTXHQFHV0DUNRYFKDLQV
VWDWLRQDU\ TXHXHV WKH 0*, TXHXH WKH
3RLVVRQSURFHVVWKH0DUNRYSURFHVVV\VWHPV
ZLWK GHOD\ ORVV V\VWHPV DQG VSDWLDO SRLQW
SURFHVVHV
(/(&75,&$/(1*,1((5,1*(/(&7521,&6
18&/($5(1*,1((5,1*
7.
6WRFKDVWLFPRGHOLQJDQGDQDO\VLVRIWHOHFRP
QHWZRUNV
'HFUHXVHIRQG/DXUHQWDQG3DVFDO0R\DO
,67(:LOH\S
'HFUHXVHIRQG FRPSXWHU  VF LHQFH DQG
QHWZRUNLQJ 7pOpFRP 3DULV 7HFK DQG 0R\DO
DSSOLHG PDWKHPDWLFV &RPSLqJQH 8 RI
7HFKQRORJ\ )UDQFH VXUYH\ VRPH RI WKH
SXUSRVHVWKDWVWRFKDVWLFPRGHOVFDQEHSXWWRLQ
WHOHFRPPXQLFDWLRQVQHWZRUNVZLWKTXDQWLWDWLYH
DVZHOODVTXDOLWDWLYHSRLQWVRIYLHZ&RQVLGHULQJ
LQWXUQGLVFUHWHWLPHPRGHOLQJFRQWLQXRXVWLPH
PRGHOLQJ DQG VSDWLDOPRGHOLQJ WKH\ FRYHU
VWRFKDVWLFUHFXUVLYHVHTXHQFHV0DUNRYFKDLQV
VWDWLRQDU\ TXHXHV WKH 0*, TXHXH WKH
3RLVVRQSURFHVVWKH0DUNRYSURFHVVV\VWHPV
ZLWK GHOD\ ORVV V\VWHPV DQG VSDWLDO SRLQW
SURFHVVHV
7.
6HPLDXWRPDWLF RQWRORJ\ GHYHORSPHQW
SURFHVVHVDQGUHVRXUFHV
7LWOHPDLQHQWU\(GE\0DULD7HUHVD3D]LHQ]D
DQG$UPDQGR6WHOODWR
,QIRUPDWLRQ6FLHQFH5HIHUHQFHS

7KH WHQ FKDSWHUV LQ WKLV FROOHFWLRQ GHVFULEH
V\VWHPV IRU DXWRPDWLF NQRZOHGJH DFTXLVLWLRQ
DQG RQWRORJ\ GHYHORSPHQW PHWKRGV IRU
UHXVLQJ H[LVWLQJ UHVRXUFHV WR EXLOG RQWRORJLHV
DQGIHHGVHPDWLFUHSRVLWRULHVDQGVSHFLDOL]HG
WRROV IRU RQWRORJ\ GHYHORSPHQW 5HVHDUFKHUV
DW $OFDWHO/XFHQW %HOO /DEV SUHVHQW SDWWHUQV
IRU DXWRPDWLFDOO\ WUDQVIRUPLQJ ;0/ VFKHPD
LQWR 5') DQG 2:/ DQG FRQWULEXWRUV IURP
WKH 8QLYHUVLW\ RI 5RPH SURSRVH SUREDELOLVWLF
PRGHOV IRU OHDUQLQJ RQWRORJLHV 2WKHU WRSLFV
LQFOXGHDPRGXODUDSSURDFKWRGLVFRYHULQJVHHG
RQWRORJLHV IURP WH[W D VHUYLFHRULHQWHG GDWD
DFTXLVLWLRQIUDPHZRUNUHIHUHQFHRQWRORJLHVIRU
HI¿FLHQWOLQNHGRSHQGDWDPDQDJHPHQWDQGWKH
H[WUDFWLRQRIPXOWLZRUGWHUPVIURP:LNLSHGLD
7.
5),'GHVLJQSULQFLSOHVGHG
/HKSDPHU +DUYH\ ,QWHJUDWHG PLFURV\VWHPV
VHULHV
$UWHFK+RXVHS
+DYLQJ SODQQHG GHVLJQHG DQG GHSOR\HG
ZLUHOHVV DQG ZLUHOLQH QHWZRUNV DURXQG WKH
ZRUOGIRURYHU\HDUV/DKSDPHULQWURGXFHV
SURVSHFWLYHXVHUVDQGV\VWHPGHVLJQHUVWRWKH
EDVLFVRI UDGLR IUHTXHQF\ LGHQWL¿FDWLRQ5),'
WHFKQRORJ\ LQFOXGLQJ DSSOLFDWLRQV EHQHILWV
WHFKQLFDO FKDUDFWHUL]DWLRQV VHFXULW\ DQG
SULYDF\DQGWHFKQLFDODQGHFRQRPLFFKDOOHQJHV
RI VWDQGDUGL]DWLRQ DQG LPSOHPHQWDWLRQ 7KH
¿UVW HGLWLRQ DSSHDUHG DOPRVW IRXU \HDUV DJR
KH VD\V DQG WKH UDQJH RI DSSOLFDWLRQV KDV
JURZQ ZLGHO\ VLQFH WKHQ ,Q SDUWLFXODU KH
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LQFOXGHVPHGLFDO DSSOLFDWLRQV DQG SRLQWV RXW
VRPHHWKLFDO LVVXHVWKDWZLOOKDYHWREHIDFHG
DW VRPH SRLQW $PRQJ KLV WRSLFV DUH VKRUW
UDQJH FRPPXQLFDWLRQV V\VWHPV DXWRPDWLF
LGHQWL¿FDWLRQV\VWHPVVWDQGDUGVGHYHORSPHQW
FKDOOHQJHVV\VWHPGHVLJQFRQVLGHUDWLRQVDQG
VRFLRFXOWXUDO LPSOLFDWLRQV RI 5),' DQG WKHLU
DSSOLFDWLRQV
7.
/HDGIUHHVROGHUVPDWHULDOVUHOLDELOLW\IRU
HOHFWURQLFV
7LWOHPDLQ HQWU\ (G E\ . 1 6XEUDPDQLDP
:LOH\ VHULHV LQ PDWHULDOV IRU HOHFWURQLF
RSWRHOHFWULFDSSOLFDWLRQV
-RKQ:LOH\	6RQVS
)RU  \HDUV QRZ HQYLURQPHQWDO FRQFHUQV
KDYHGULYHQWKHHIIRUWWRUHSODFHOHDGHGVROGHU
LQPLFURHOHFWURQLFV &KHPLFDO DQGPDWHULDOV
HQJLQHHUVKHUH UHSRUW RQ WKHSURJUHVV VR IDU
HPSKDVL]LQJWKHUHOLDELOLW\RIWKHQHZVROGHUV
7KH EDVLF WKHPHV DUH SKDVH GLDJUDPV DQG
DOOR\LQJ FRQFHSWVPLFURDOOR\LQJ WR LPSURYH
UHOLDELOLW\DQGFKHPLFDOPHFKDQLFDOZKLVNHU
JURZWK HOHFWURPLJUDWLRQ WKHUPRPLJUDWLRQ
DQGPLQLDWXUL]DWLRQ LVVXHV DIIHFWLQJ UHOLDELOLW\
$PRQJ VSHFLILF WRSLFV DUH SKDVH GLDJUDPV
DQG WKHLU DSSOLFDWLRQ LQ OHDGIUHH VROGHULQJ
GHYHORSLQJDQGFKDUDFWHUL]LQJQDQRFRPSRVLWH
VROGHUPLFURVWUXFWXUDO DQG WKHUPRPHFKDQLFDO
EHKDYLRU LQ OHDGIUHH VROGHUV DQG HOHFUR
PLJUDWLRQLQOHDGIUHHVROGHUMRLQWVLQHOHFWURQLF
SDFNDJLQJ
7.
+DQGERRNRIZDIHUERQGLQJ
7LWOHPDLQHQWU\(GE\3HWHU5DPPHWDO
:LOH\9&+S
(OHFWULFDOHQJLQHHUVRIIHUDUHIHUHQFHRQZDIHU
ERQGLQJ WR VWDFN FRPSRQHQWV RI HOHFWURQLF
GHYLFHV LQWR D WKLUG GLPHQVLRQ WR UHGXFH WKH
VL]HRIWKHGHYLFHRUSURYLGHDPRUHGHVLUDEOH
VKDSH7KH\ORRNDWWKHWHFKQRORJLHVRIDGKHVLYH
DQGDQRGLFERQGLQJGLUHFWZDIHUERQGLQJPHWDO
ERQGLQJ DQG K\EULGPHWDOGLHOHFWULF ERQGLQJ
7KH\ DOVR VXUYH\PDMRU DUHDV RI DSSOLFDWLRQ
$PRQJWKHVSHFL¿FWRSLFVDUHSRO\PHUDGKHVLYH
ZDIHU ERQGLQJ SODVPDDFWLYDWHG ERQGLQJ
ZDIHUOHYHO VROLGOLTXLG LQWHUGLIIXVLRQ ERQGLQJ
WHPSRUDU\ERQGLQJWRHQDEOHWKUHHGLPHQVLRQDO
LQWHJUDWLRQ DQG SDFNDJLQJ DQG D WKLQ ZDIHU
VXSSRUWV\VWHPIRUSURFHVVLQJDERYHR&DQG
FROGGHERQGLQJ
7.
,Q W U RGXF W L RQ  W R  W K H  SK\ V L F V  R I
QDQRHOHFWURQLFV
7DQ 6HQJ *KHH DQG 0DQVRRU %$ -DOLO
:RRGKHDG3XEOLVKLQJLQHOHFWURQLFDQGRSWLFDO
PDWHULDOVQR
:RRGKHDG3XEOLVKLQJS
7DQ $JHQF\ IRU 6FLHQFH 7HFKQRORJ\ DQG
5HVHDUFK6LQJDSRUHDQG-DOLO1DWLRQDO8RI
6LQJDSRUHVHHNWRFODULI\WKHWHUPDQGWKH¿HOG
RIQDQRHOHFWURQLFVE\DSSURDFKLQJ LW IURPWKH
GLUHFWLRQRIPRGHUQDSSOLHGSK\VLFVEHOLHYLQJ
WKDWQDQRHOHFWURQLFVVKRXOGEHDERXWGLVFRYHULQJ
DQG LPSOHPHQWLQJ QHZ SK\VLFV LQ HOHFWURQLF
GHYLFHV WKDW DUH DSSURDFKLQJ WKH QDQRPHWHU
VFDOH 7KH\ FRYHU SK\VLFV DQGPDWKHPDWLFV
IRUQDQRVFDOHV\VWHPVQDQRVFDOHSK\VLFVDQG
HOHFWURQLFVHOHFWURQG\QDPLFVDQGVSLQG\QDPLFV
LQQDQRHOHFWURQLFGHYLFHVVSLQWURQLFVDQGVSLQ
+DOO HIIHFWV LQ QDQRHOHFWURQLFV JUDSKHQH DQG
FDUERQ QDQRVWUXFWXUHV IRU QDQRHOHFWURQLFV
DQGWRSRORJ\G\QDPLFVDQGJDXJHSRWHQWLDOLQ
QDQRHOHFWURQLFV
7.
$GYDQFHGPDWHULDOV LQPLFURZDYHV DQG
RSWLFVSURFHHGLQJV
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHG0DWHULDOV
LQ 0LFURZDYHV DQG 2SWLFV  %DQJNRN
7KDLODQG(GE\'DYLG:DQJ.H\HQJLQHHULQJ
PDWHULDOVY
7UDQV7HFK3XEOLFDWLRQVS
SD
2QH KXQGUHG IRUW\WZR SDSHUV SUHVHQWHG
DW WKH 6HSWHPEHU  FRQIHUHQFH H[SORUH
WHFKQRORJLHV EDVHG RQPLFURZDYH IUHTXHQF\
HOHFWURPDJQHWLF ZDYHV SDUWLFXODUO\ LPDJHV
DQG DOJRULWKPV IRU UHPRWH VHQVLQJ 7KUHH
UHVHDUFK SDSHUV IURP WKH &KLQD8QLYHUVLW\ RI
0LQLQJDQG7HFKQRORJ\ LQ%HLMLQJ LPSURYH WKH
SRVLWLRQLQJDFFXUDF\RISRUWDEOHV*36UHFHLYHUV
FODVVLI\DLUERUQH/LGDUVFDQGDWDE\HFKRDQG
FRPSDUHPHWKRGVIRUGHWHFWLQJIRUHVWUHVRXUFH
FKDQJHV7ZRSDSHUVIURP+HQDQ8QLYHUVLW\RI
7HFKQRORJ\SURSRVHDFRUHJLVWUDWLRQDOJRULWKP
IRUVSRWOLJKW6$5 LQWHUIHURPHWU\DQGD5(/$;
DOJRULWKPIRUVSRWOLJKW6$5LPDJLQJ2WKHUWRSLFV
LQFOXGHSDWWHUQUHFRJQLWLRQRIFDUERQDWHURFNV
LQ56LPDJHVWKHV\QWKHVLVRIQDQRFU\VWDOOLQH
DQDWDVHE\DPLFURZDYHK\GURWKHUPDOPHWKRG
WKHRSWLFDODQGWKHUPDOSURSHUWLHVRI$VLDQGXVW
RYHUWKHRFHDQWKRUGRQEHDULQJVOXEULFDWHGZLWK
VHDZDWHUDQG4R6HYDOXDWLRQIRUZHEVHUYLFHV
FRPSRVLWLRQ
02725 9(+,&/(6  $(521$87,&6
$67521$87,&6
7/
7DFWLFDO DQG VWUDWHJLFPLVVLOH JXLGDQFH
WKHG
=DUFKDQ 3DXO 3URJUHVV LQ DVWURQDXWLFV DQG
DHURQDXWLFVY
$PHU ,QVW RI $HURQDXWLFV 	 $VWURQDXWLFV
S
,QWHQGHG IRU H[SHUWV DQG QRYLFHV DOLNH WKLV
GHQVH YROXPH H[SODLQV WKH SULQFLSOHV RI ERWK
WDFWLFDO DQG VWUDWHJLFPLVVLOH JXLGDQFH LQ D
FRPPRQODQJXDJHDQGQRWDWLRQZLWKQXPHURXV
H[DPSOHV LOOXVWUDWLQJ WKH JXLGDQFH ODZV 7KH
RSHQLQJ VHFWLRQ LQWURGXFHV WKH QXPHULFDO
PHWKRGVEHKLQGSURSRUWLRQDOQDYLJDWLRQKRPLQJ
JXLGDQFHV\VWHPVFRPPDQGJXLGDQFHV\VWHPV
ERRVWHUVL]LQJÀLJKWFRQWUROGHVLJQDQGEDOOLVWLF
WDUJHW VLPXODWLRQ 0$7/$% FRGH LV SURYLGHG
7KHVL[WKHGLWLRQDGGVVL[FKDSWHUVRQDGYDQFHG
DGMRLQWDSSOLFDWLRQVGLIIHUHQWLDOJDPHJXLGDQFH
ERRVWSKDVH¿OWHULQJRSWLRQVDQGFRQWUROVL]LQJ
IRUERRVWSKDVHLQWHUFHSW
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7/
7XUEXOHQW GUDJ UHGXFWLRQ E\ VXUIDFWDQW
DGGLWLYHV
/L)HQJ&KHQHWDO
-RKQ:LOH\	6RQVS
(QJLQHHUV IURP &KLQD DQG -DSDQ UHYLHZ DQG
FRPSLOH UHFHQW UHVHDUFK ¿QGLQJV RQ UHGXFLQJ
GUDJLQWXUEXOHQWÀXLGÀRZE\DGGLQJVXUIDFWDQWV
DWRSLFRILQWHUHVWQRWRQO\WREDVLFVFLHQWLVWV
EXWDOVRWRXWLOLWLHVSHWUROHXPFRPSDQLHVDQG
RWKHU LQGXVWULHV WKDW LQYROYH IOXLGVPRYLQJ
7KH\ FRYHU GUDJ UHGXFWLRQ DQG KHDW WUDQVIHU
UHGXFWLRQ FKDUDFWHULVWLFV RI GUDJUHGXFLQJ
VXUIDFWDQWVROXWLRQÀRZWXUEXOHQFHVWUXFWXUHV
LQ GUDJUHGXFLQJ VXUIDFWDQW VROXWLRQ ÀRZ WKH
QXPHULFDOVLPXODWLRQRIVXUIDFWDQWGUDJUHGXFWLRQ
PLFURVWUXFWXUHV DQG UKHRORJLFDO SURSHUWLHV RI
VXUIDFWDQWVROXWLRQDQGDSSOLFDWLRQWHFKQLTXHV
IRUUHGXFLQJGUDJE\DGGLQJVXUIDFWDQWV
7/
)OLJKWIRUPDWLRQFRQWURO
7LWOHPDLQHQWU\(GE\-RVp$*XHUUHURDQG
5RJHOLR/R]DQR
,67(:LOH\S
(OHFWURQLF DQGPHFKDQLFDO HQJLQHHUVPRVWO\
LQ )UDQFH DQG0H[LFR H[SORUH UHTXLUHPHQWV
FKDOOHQJHV DQG VROXWLRQV IRU IRUPDWLRQ À\LQJ
E\ DXWRQRPRXV RU VHPLDXWRQRPRXV DLUFUDIW
RU VSDFHFUDIW 7KHLU WRSLFV LQFOXGH WKHRUHWLFDO
SUHOLPLQDULHVWKHDGDSWLYHDQGUREXVWFRQWUROOHG
V\QFKURQL]DWLRQ RI QHWZRUNHG URERWLFV RQ
VWURQJO\ FRQQHFWHG JUDSKV IOLJKW IRUPDWLRQ
FRQWURO VWUDWHJLHV IRUPLQL XQPDQQHG DHULDO
YHKLFOHVRSWLPDOJXLGDQFHIRUURWRFUDIWSODWRRQ
IRUPDWLRQÀ\LQJLQZLQG¿HOGVDQGRSWLPL]LQJ
DVFDQQDEOHSDWWHUQIRUELGLPHQVLRQDODQWHQQD
DUUD\VWRSURYLGHPD[LPXPSHUIRUPDQFH
&+(0,&$/7(&+12/2*<
73
/DVHU VXUIDFHPRGL¿FDWLRQ RI DOOR\V IRU
FRUURVLRQDQGHURVLRQUHVLVWDQFH
7LWOHPDLQHQWU\(GE\&KL7DW.ZRN:RRGKHDG
3XEOLVKLQJLQPDWHULDOV
:RRGKHDG3XEOLVKLQJS
/DVHUV KDYH EHHQ XVHG WR WUHDW WKH VXUIDFHV
RIPHWDOREMHFWV IRU VRPH WKUHHGHFDGHVEXW
LQIRUPDWLRQ DERXW WKH DSSURDFK KDV EHHQ
VFDWWHUHG DFURVV WKH WHFKQLFDO OLWHUDWXUH RI
PDQ\¿HOGV&KHPLFDOPHFKDQLFDO LQGXVWULDO
DQGRWKHUHQJLQHHUVFRPSLOH UHVXOWV LQVLJKWV
WKHRULHV DQG WUHQGV IURP WKHLU YDULRXV ¿HOGV
RQXVLQJ ODVHU WUHDWPHQW WR UHGXFHFRUURVLRQ
HURVLRQDQGFUDFNLQJ7KHWRSLFVLQFOXGHODVHU
VXUIDFH PHOWLQJ WR UHSDLU VWUHVV FRUURVLRQ
FUDFNLQJ LQ ZHOGPHWDO SXOVHG ODVHU VXUIDFH
WUHDWPHQW RI PXOWLOD\HU JROGQLFNHOFRSSHU
FRDWLQJVWRLPSURYHWKHFRUURVLRQUHVLVWDQFHRI
FRPSRQHQWVLQHOHFWURQLFVOLTXLGLPSLQJHPHQW
HURVLRQ UHVLVWDQFHPRGLI\LQJ WKH VXUIDFH RI
VWHHO WR UHVLVW VOXUU\ HURVLRQ LQ SRZHU SODQWV
DQG ODVHU VXUIDFH UHPHOWLQJ WR LPSURYH WKH
HURVLRQFRUURVLRQUHVLVWDQFHRIQLFNHOFKURPLXP
DOXPLQXP\WWULXPSODVPDVSUD\FRDWLQJV
73
0HWDOR[LGHQDQRVWUXFWXUHVDVJDVVHQVLQJ
GHYLFHV
(UDQQD*6HULHVLQVHQVRUV
&5&3UHVVS
(UDQQD VHQVRU DQG QDQRWHFKQRORJ\ &HQWUDO
(OHFWURQLFV (QJLQHHULQJ 5HVHDUFK ,QVWLWXWH
3LODQL,QGLDGHYHORSVDQLQWHJUDWHGPLQLDWXUH
JDV VHQVRU WKDW LV FRPSDWLEOH ZLWKPRGHUQ
VHPLFRQGXFWRU IDEULFDWLRQ IDFLOLWLHV VR WKDW
D VPDOO FRPSDFW ORZSRZHU GHYLFH FDQ EH
FUHDWHG WKDW ZLOO EH XVHIXO LQ DQDO\]LQJ DLU
DPELDQFHZLWK KDQGKHOG V\VWHPV 7KHUH DUH
SUHVHQWO\ QR VSHFLILF VHQVLQJ HOHPHQWV IRU
VSHFL¿FJDVHRXVVSHFLHVKHVD\VEXWVWXGLHV
VKRZPHWDO R[LGH WR EH VHQVLWLYH WR D JURXS
RI VSHFLHV DQG QDQRVWUXFWXUHV FDQ DGG WKHLU
VHQVLWLYLW\WRWKHLUFDSDELOLWLHV$PRQJKLVWRSLFV
DUHPLQLDWXUL]HGVROLGVWDWHJDVVHQVRUVJDV
VHQVLQJPDWHULDOV DQGGHYLFHV DGYDQWDJHV RI
QDQRPDWHULDOVQDQRVWUXFWXUHGPHWDOR[LGHVDQG
JDVVHQVLQJGHYLFHVDQGDFWLYHGHYLFHVEDVHG
RQQDQRVWUXFWXUHV
0,/,7$5<	1$9$/6&,(1&(
8
(QJLQHHULQJSULQFLSOHVRIFRPEDWPRGHOLQJ
DQGGLVWULEXWHGVLPXODWLRQ
7LWOHPDLQHQWU\(GE\$QGUHDV7RON
-RKQ:LOH\	6RQVS
0RGHOHUVDQGVLPXODWRUV\HDUVEDFNKDGQRW
EHHQHGXFDWHGWRGRZKDWWKH\GLG7KH\EOD]HG
DKHDGDVSLRQHHUV1RZWKH¿HOGKDVPDWXUHG
DQG WKH  FRQWULEXWHG FKDSWHUV SUHVHQWHG
KHUH VHW IRUWK WKH IRXQGDWLRQV DQG GLVFXVV
YDULRXVVSHFL¿FDVSHFWVRIFRPEDWPRGHOLQJDQG
GLVWULEXWHGVLPXODWLRQ+DOI WKHSDSHUVDUHRQ
DGYDQFHG WRSLFV DPRQJ WKHPPDWKHPDWLFDO
DSSOLFDWLRQV KLJK OHYHO DUFKLWHFWXUH DQG EDVH
REMHFWPRGHOLQJ 7HVW DQG 7UDLQLQJ (QDEOLQJ
$UFKLWHFWXUH7(1$XVLQJ*,6GDWDPRGHOLQJ
WDFWLFDOGDWDOLQNVDQGQHZFKDOOHQJHVKXPDQ
VRFLDOFXOWXUDODQGEHKDYLRUDOPRGHOLQJ7KLVLV
DFRPSUHKHQVLYHVWDWHRIWKHDUWFRPSHQGLXP
IRU UHVHDUFKHUV DQG GHYHORSHUV LQYROYHGZLWK
PLOLWDU\PRGHOLQJDVZHOODVRWKHUDSSOLFDWLRQVRI
PRGHOLQJ7RONLVDI¿OLDWHGZLWK2OG'RPLQLRQ8
DQGKDVEHHQLQYROYHGZLWKWKH¿HOGLQQXPHURXV
FDSDFLWLHV
8*
(OHFWURQLFZDUIDUHWDUJHWORFDWLRQPHWKRGV
GHG
3RLVHO5LFKDUG$
$UWHFK+RXVHS
:ULWLQJ IRU WHFKQLFDO SHUVRQQHO LQ HQJLQHHULQJ
RU RWKHU VFLHQWL¿F GLVFLSOLQHVZKR DUH QHZ WR
WKH ILHOG RI HOHFWURQLF ZDUIDUH H[SHULHQFHG
HQJLQHHUVDQGWKRVHWDNLQJFRXUVHVRQHOHFWURQLF
ZDUIDUHHPLWWHUJHRORFDWLRQ3RLVHOZKRZDVD
UHVHDUFK HQJLQHHU DW WKH 86 $UP\ 5HVHDUFK
'HYHORSPHQW DQG (QJLQHHULQJ &RPPDQG
,QWHOOLJHQFH DQG ,QIRUPDWLRQ 'LUHFWRUDWH
GHWDLOVPHWKRGVDQGWHFKQLTXHVIRUJHRORFDWLQJ
QRQFRRSHUDWLYH WDUJHWV RI LQWHUHVW WKDW DUH
HPLWWLQJ UDGLRIUHTXHQF\ VLJQDOV +H GLVFXVVHV
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WKHFRQFHSWVEHKLQGWULDQJXODWLRQDQGTXDGUDWLF
SRVLWLRQ¿[LQJPHWKRGVLQFOXGLQJWLPHGLIIHUHQFH
RIDUULYDO WLPHRIDUULYDOGLIIHUHQWLDO'RSSOHU
DQGUDQJHGLIIHUHQFHPHWKRGV+HGRHVQRWFRYHU
DUUD\EHDPIRUPLQJ DQG WKH WKHRU\ RI SKDVH
LQWHUIHURPHWU\ 7KLV HGLWLRQ KDV QHZ FKDSWHUV
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6/$'050\RXUHPDLODGGUHVV!)LUVW1DPH!/DVW1DPH!
(QJLQHHULQJ'LYLVLRQ
+RPH3DJHKWWSHQJLQHHULQJVODRUJ
'LVFXVVLRQ/LVW,QVWUXFWLRQV
6HQGDPHVVDJHWRO\ULV#VODO\ULVQHWLQWKHIROORZLQJIRUPDW/HDYHWKH6XEMHFWOLQHEODQN,Q
WKHERG\W\SH6XEVFULEH6/$'(1*\RXUHPDLOBDGGUHVV³)LUVW1DPH/DVW1DPH´HJ6XE
VFULEH6/$'(1*MRKQGRH#JPDLOFRP³-RKQ'RH´
(QJLQHHULQJ'LYLVLRQ$HURVSDFH6HFWLRQ
'LVFXVVLRQ/LVW,QVWUXFWLRQV
6HQGDQHPDLOWR/LVWVHUY#VWLQDVDJRY/HDYHWKHVXEMHFWOLQHHPSW\,QWKHERG\RIWKH
PHVVDJHZULWHRQO\6XEVFULEH6/$$(52<RXUB1DPH
6FLHQFH7HFKQRORJ\'LYLVLRQ
+RPH3DJHKWWSVFLWHFKVODRUJ
'LVFXVVLRQ/LVW,QVWUXFWLRQV
6HQGDQHPDLOWRO\ULV#VODO\ULVQHW,QWKHERG\RIWKHPHVVDJH6XEVFULEHVODGVW\RXU
HPDLODGGUHVV!)LUVW1DPH!/DVW1DPH!
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